DOCUMENT RESUME 

EC 170 432 

Dansereau, Donald; Brooks, Larry W. 

Transfer o£ Learning from One Setting to Another 

Jun 84 n 

123p.; In: Areson, Ann H., Ed. and DeCara, James J., 

Ed. Teaching, Learning and Development: Volume I. See 

EC 170 424. 

Information Analyses (070) — Guides - Non-Classroom 
Use (055) 

MF01/PC05 Plus Postage. 

*Dea£ness; Generalization; Hearing Impairments; 
^Learning Processes; Learning Strategies; 
Postsecondary Education; *Skill Development; 
^Teaching Metnods; ^Transfer of Training 



Part of a collection of papers commissioned by 
Foundations, a career development project sponsored by the National 
Technical Institute for the Deaf (NTID), the paper reviews research 
on transfer of knowledge and skills from one situation to another. A 
transfer classification scheme is proposed based on the notion that 
an individual's knowledge can be divided into two general categories: 
content and skills. In one section, research on content to content 
transfer (the impact of content knowledge learned in one situation on 
subsequent acquisition of new content knowledge) is reviewed. 
Traditional studies of transfer with word lists are briefly 
discussed, followed by a review of the research on the retention and 
transfer of meaningful verbal learning. Task, instructional, and 
learner variables are also considered. Recommendations include using 
concrete instructional materials liberally supported by pictures and 
illustrations, and tailoring methods to fit the styles, aptitudes, 
and preferences of learners. The next section focuses on skills to 
skills transfer (transfer of learned skills from one situation to 
another), including an examination of research on cognitive and motor 
skills. Recommendations include presenting knowledge relevant to 
acquiring a new skill without an excess of distracting stimuli. The 
next section examines skills to content transfer (skills that 
subsequently facilitate the acquisition, retention, retrieval, and 
transfer of knowledge). Recommendations center on the importance of 
stressing learning strategy skills rather than rote memorization. A 
final section discusses the educational implications of 
transfer-related research, specifically regarding instructional 
material development, teaching methods, and supplementary courses in 
learning and problem solving. (CL) 
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SECTION I: INTRODUCTION 

The major purpose of this paper is to identify teaching 
and learning principles that facilitate the transfer of knowl- 
edge and skills from one situation to another. Oi" particular 
importance will be the implications of these principles for 
the technical educ .tion of the hearing impaired. Before 
reviewing the relevant literature, an overall framework for 
examining the factors that influence the efficacy of transfer 
will be presented. 

The primary goal of education is to facilitate transfer: 
that is, to provide students with knowledge and skills that 
will lead to improved performanr** in subsequent situations 
(other courses, on the job, etc.). Unfortunately, much of 
the research on transfer has not been particularly informative. 
Voss (1978) echoes this point; "In some ways, our relatively 
poor understanding of transfer is amazing, since our educational 
systems are based fundamentally upon assumptions of transfer." 
(p. 14). Part of this lack of understanding may arise from 
inadequate an ilyses of the necessary and sufficient conditions 
for positive transfer. The prior research in. this area has 
primarily focused on the acquisition of simple word lists and 
simple skills (e.g., pursuit rotor tasks). As will be pointed 
out later r the relevance of much of this research for complex, 
meaningful learning is suspect. Further, most of the transfer 
research has been done from a behavioristic perspective where 
the emphasis has been on determining input-output (stimulus- 
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response) relationships. The role of the learner has been 
virtually ignored in these studies. This is unfortunate in 
that there is growing evidence that the prior knowledge and 
skills of the learner are of crucial importance in understanding 
and predicting both learning, and performance (Bower* 1973; 
Dansereau, 1978; Rothkopf, 1966). 

As a step toward alleviating these difficulties a frame- 
work for examining transfer is presented in Figure #1. This 
framework incorporates ideas from a number of authors in the 
transfer domain, most particularly those of Gagne and White 
(1978) . The basis of this framework is that learning and 
transfer involve complex interactions between the learner 
(viewed as a collection of knowledge, skills, and motivations) 
and the characteristics of the task (e.g., types of materials 
and instructional manipulations) An example of the importance 
of examining the learner-task interaction is illustrated by 
the finding that individuals with high levels of knowledge 
and skills benefit more from trial and error learning, while ' 
individuals with lower levels of knowledge and skills benefit 
more from teacher ^guided learning (Snow, 1977) . It is further 
suggested ^ hat the interactions between learner and task can 
be compensatory in either direction (i.e., good tjeaching can 
compensate to some extent for inadequate learning skills and 
vice versa). In exploring these interactions it is useful to 
examine the nature of learner and task characteristics separ- 
ately. In Pigure 1 learner characteristics have been divi<Jed 
into two major categories: knowledge and skills that are 
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specifically related to the content of the task at hand and 
knowledge and skills that are used to luarn and perforin in a 
variety of tasks regardless of content. For example, in 
learning how to operate a printing press, U\e student would 
bring to the situation content-specific knowledge iind skills 
arising from previous experiences with printing presses or 
similar machines. The same student would also bring to the 
task relatively content-independent learning and problem- 
solving strategies that have been acquired from experiences 
with many types of tasks and/or from direct "strategy" instruc- 



tion. The extent to which the student can use both these 
content-dependent and content-independent experiences in 
facilitating performance with the task at hand depends largely 
on what has been stored in the student's memory, how it has 
been stored, and the availability of cutr for retrieval of the 
appropriate, stored informatipn. In general, the .content and 
structure of the student's memory is the major mediator between 
original learning and subsequent performance on a transfer task. 
From this perspective, the job of understanding transfer and 
the learning and teaching principles that facilitate it becomes 
largely one of determ. ning what types of memory structures are 
necessary and sufficient for effective performance on a partic- 
ular class of transfer tasks. Once the nature of these memory 
structures is determined, the next step is to delineate the 
teaching and learning strategies that would promote the devel- 
opment of these structures. 
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Gagne and White (1978) have identified four types of 
organized memory structures relevant, to retention and transfer: 
(a) networks of propositions, (b) intellectual skills, (c) 
9 images, (d) episodes. Propositions are typically conceives of 
as subject-predicate constructions put together according to 
syntactic rules (such as those relating actors and actions, 
objects and attributes, actions and recipients). These may 
be represented by nodes containing concepts and links repre- 
senting the relationships between two or mor^e, concjepts.., A 

simple example of a verbal proposition would be "For every 
action there is an equal and opposite reaction.** Various 
types of prepositional memory structures have been advocated 
by a growing number of cognitive theorists (e.g., Anderson & 
Bower, 1973; Bower, 1975; Rumelhart, Lindsay t 'Norman, 1972). 

The term "intellectual skills" has been used to designate 
the learned memory structures that underlie the identification 
of concepts and the application of rules. This term has been 
prominently employed by Gagne (1972, 1976) to refer to the 
learned capability of "knowing how." In more general treat- 
ments of information processing models, intellectual skills 
are sometimes referred to as "action plans" or "sub-routines" 
(Bower, 1975). Such skills have also been described i?^. 
•^procedures" and "programs" by those who relate them to 
computer operations in artificial intelligence (Minsky, 1975? 
Winogradr 1972). One example of an intellectual skill might 
involve knowing how to make use of the proposition, "For every 
action there is an equal and opposite reaction," in playing a 
game of billiards. 
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Image memory structures are representations that correspond 
more or less directly with concrete things. Images may be 
visual « auditory, haptic, or some combination of these; it is 
generally agreed, however, that visual imagery is the most 
pervasive and generally useful kind. A comprehensive account 
of imagery and its relation to verbal processes pf memory is 
given by Paivio (1971) . Although there is substantial debate 
on the efficacy of imagery as a theoretical construct 
(Pylyshyn, 1973) , its usefulness in improving the predictions 
af learning- outcomes—i-s-"Well established .^ — An -example of an 
image structure would be a mental picture of two billiard balls 
colliding and obeying the action-reaction proposition. 

The final memory structures identified by Ga^ne and White 
are episodes. Tulving (1972) conceived of the episode as a 
structure that stores information about temporally dated 
events and also about temporal-spatial relations among these 
events. A most important property of episodic memory is its 
"autobiographical" nature. Episodes represent events directly 
experienced by the learner and stored in such a way that the 
learner can recall that "I die such and such, in such and such 
a place, at such and such a tii d" (Tulving, 1972, p. 389). 
Remembering the details of a particular game of billiards that 
you played would be an example of retrieval from episodic 
memory. 

As a result of their review of the relevant literature r 
Gagne and White proposed the model illustrated in Figure 2 as 
a representation of the interrelations of four different }cinds 



of memory •tructures and the looming outcomes to which they 
may be related. These authors suggest the following: 

The model presented in this paper predicts th^t 
when knowledge is stored as a proposition or as an 
intellectual skill, its outcome effects in retention and 
transfer will be greater the more extensive are its 
\ associations with interlinked sets of propositions, 
i iiellectual skills, Images, and episodes. Most of the 
studies reviewed in previous sections may be seen as 
dealing with different patterns of memory structures in 
learners . One treatment may have emphasized involvement 
in personal activity, which should encourage the forma- 
tion of a stable episode, whereas another has emphasi»,ed 
colorful demonstrations that should lead to the formt 
tion of images. 

Our review indicates conflicting results in a number 
of instances of sets of studies addressed to the same 
question. The model suggests an interpretation of such 
discrepant results — namely, that a given treatment may 
not have induced the type of memory structure that was » 
specifically intended. Laboratory-based instruction or 
a demonstration by the teacher may lead equally to image 
formation; a dramatic demonstration may give its watchers 
a more stable episode than a routine laboratory exercise. 
A picture may fail to form a retrievable image if learners 
are not encouraged to process the stimulus. Purthermore# 
an image may be ineffective for retention if instruction 
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hat failed to link the image with the proj^ositions or 
i skills it is supposed to support. 

For these reasons # the model implies that research 
investigations should include measures of the memory 
structures actually formed. Past studies have generally 
made the assximption that seeing a film, playing a simula- 
tion game, or performing a laboratory exercise, each 
results in the establishment of a different memory 
structure. Differences in learning outcome (knowledge 
stating or rule \using) have been tested, but independent 
assessments of the mediating structures have not been 

r 

obtained. When a difference in outcome fails to appear 
in such studies, it cannot be known whether the instruc- 
tion itself was ineffective in establishing different 
memory structures, or whether the latter dc ieed have* 
differential effects, (pp. 209-210) 

In summary, Gagne and White concluded that teaching and 
learning manipulations that lead to the formation of highly 
integrated, multiple memory structures (sets of propositions r 
intellectual ski:.l8, images and episode 0 are most likely to 
lead to effective retention and subsequent transfer. Although 
the present authors agree with this conclusion, it is suggested 
that the existence of integrated memory structures in some 
cases is a necessary but not sufficient condition for effective 
transfer. In order for transfer to take place the individual 
mist be able to determine from the transfer task constraints 
which information and skills are relevant. The individual must 
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also be able to retrieve the relevant information and apply it 
correctly to the task at hand. These latter skills may be 
substantially content-independent and thus may be a part of 
the individual's. repertoire of general learning and problem 
solving strategies. Consequently, if these skills are not 
available and if compensatory guidance through the transfer 
task is not provided by an instructor, supervisor, etc., then 
effective transfer will not occur. Sufficient conditions for 
transfer thus require the student to have integrated, content- 
relevant knowledge and ski J Is as well as general, content- 
independent learning and problem solving skills that will 
allow the individual to retrieve and apply the content related 
information. A more detailed discussion of the nature 6f this 
stored information and teaching and learning procedures that 
promote its acquisition will be presented ia subsequent sections 

Clearly, the difficulty involved in applying stored 
knowledge and skills to a new task will depend not only on the 
learner, per se, but also to a large extent, on the nature of 
the transfer task; its similarity to the original learning 
situation (or more directly, its compatibility with the student 'f 
stored knowledge and skills) , the salience of cues for appro- 
priate retrieval of the stored information, etc. Therefore, 
in understanding transfer it is necessary to examine not only 
the cognitive characteristics of the individual and the teaching 
and learning principles that produced these characteristics, 
but also the nature of the transfer tasks that the ^ii^di vidua 1 
may expect to enco\inter. ^ 

'10 
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The remainder of the paper will discuss research relevant 
to different types of transfer situations. To provide a frajne- 
v;ork for this discussion, a transfer classification scheme has 
been developed based on the notion that an individual's knowl- 
edge can be divided into two general categories: content and 
skills. Content knowledge consists of relevant facts, concepts, 
and terms associated with particular topic areas. This type of 
knov^ledge can be described as what an individual knows. On the 
other hand, skills knowledge consists of the procedures, algo- 
ritiuns, and activities an individual is able to perform (e.g., 
solving math problems and playinr tennis) . Skills kno\;ledge 
can be thought of as these things an individual knows how tc 
do. Using this basic scheme of content and skills knowledge, 
four general categories of transfer can be identif ied--content 
to content, skills to skills, content to skills, and skills to 
content (these four types of transfer and associated examples 
are presented in Figure 3) . Within each of these categories 
the difficulty of transfer will be strongly influenced by the 
compatibility of the individual's knowledge structure with the 
characteristics of the transfer task. A high degree of comiie - 
ibility or similarity will imply "near" transfe , while a low 
degree will imply "far" transfer.. (For turther ielineation of 
important dimensions of transfer see Royer , 1979). 

In subsequent sections the research findings related to 
each of the transfer categories will be presented. Finally, 
the paper will conclude with a presentation of the implications 
of this body of research for educational practices in general 
and for the education of the hearing impaired in particular. 
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SECTION II; CONTENT TO CONTENT TRANSFER 
The type of transfer to be discussed In this section 
involves the inqpact of content knowledge learned in one situa- 
tion on the subsequent acquisition of new content knowledge. 
In an educational setting this typically would consist of 
transfer of knowledge from one course to the next. For example 
prerequisite courses are assumed to provide the learner^ with 
basic knowledge that will facilitate learning in advanced 
courses. This facilitation may occur in a number of ways: 
The "old" content knov;ledge ray provide, a general framework 
for embedding the rore detailed "new" knowledge, the "old" 
knowledge may consist of facts that can flesh out a "new" 
framework, or the "old" knowledge may provide a convenient 
analogy which can guide the acquisition of the "new" knowledge. 

In this section the results of traditional studies of 
transfer with word lists will be briefly discussed. This will 
be followed by a review of the research cn the retention and 
transfer of meaningful verbal learning? task, instructional' 
and learner variables will be discussed separately. The 
section will conclude with a summary of the educationally 
relevant principles emerging from this body of research. 
Studies of Transfer Using Word Lists 

The literature on leaning lists of paired associates is 
repi«te wilih transfer studies. The primary focus of these 
studies has been the effects of similarity between the original 
and transfer lists on performance with the transfer list (for 
a review of the relevant literature see Postman, 1971). Numer- 
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OUS thecretical attempts have been made to provide a comprehen- 
sive account of transfer in terms of combined effects of stim- 
ulus-^nd response similarity (e.g., Houston, 1964, 1966; Osgood, 
1349).) Although these atteinpts, particularly that of Osgood, 
have/elped to summarize some transfer effects and to stimulate 
research, they have met with limited success. The principal 
difficulty encountered is that transfer, even with simple 
paired associate lists, is affected by many variables other 
than similarity. These difficulties are magnified even further 
when one considers using meanih^ful materials (e.g., descriptive 
texts) similar to those encountered in educational environments. 
AS pointed out by Thorndy]ce (1977) in describing his research: 
"(The use of 'meaningful texts) has necessitated the definition 
of more complex relationships between training and target 
(transfer) materials, and a more c< ■ haracterization of 

what a 'subject has learned than is ^M^toP^^" .n traditional 
verbal learning experir>ents" (p. 9:. ' h alative sterility 
of the paired associate and serial tas. - Axes it virtually 
impossible to draw any useful conclusions about educational 
practices. Consequently, in subsequent sections the emtiasis 
will be on the retention and transfer of complex, meanin^ ful ^ 
material. 

Retention and Transfer o f Meaningful Verbal Lear'nins.: 
Tas)c and Instruct ional Variables 

Meaningful verbal learning typically implies the learning 
of text material (connected discourse) . -Since direct studies 
of transfer are relatively ^pi^rse in this domain, studies of 
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text retention will also be Included in this review, the 
rationale being that retention of the original learning is a 

« 

necessary condition for -affective transfer. Consequently, it 
can be generally expected that tasks and instructional manip- 
ulations that lead to good retention may also lead to good 

transfer. However, it should be noted that good retenjbion is 

I 

not sufficient for transfer, and, further, the way the^ informa- 
tion is retained (e.g., how it is organized in memory)' may be 
just as important as the amount retained. With these disclaimers 
in mind the salient literature will be presented under four 
subsections related to manipulations of content^:; organization, 
supplementary material and instructional methods. 

Content . Instructional materials - can vary with respect 
to comprehensibility (readeibility) , 'familiarity , and concrete* 
ness. The large body of research on the readability of text 
has been extensively reviewed by Klare (1963) and Carroll (Note !)• 
Most of the published readability formulae involve objective 
measures of vocabulary and syntax. One notable except^jDiL to 
this is the cloze technique (Taylor, 1953). In this technique 
every nth word is deleted and a group of subjects/ at a particular 
reading level is aslced to fill in the deleted woros^. The 
average number of words correctly filled in is used 2ts-jth«-i^nd$x 
of readability; the greater the number of correct words gener- 
ated # the more readable the text. Bormuth (1966) claims that 
using this measure in conjunction with other readability formu- 
lae produces multiple correlation coefficients with measures 
of comprehension and retention of between .85 and .95. Given 
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thit level of predictability, it seems very reasonable for 
educators to select or create instructional materials that 
have a high degree of readability as measured by these techniques. 

With regard to the familiarity of the content, a substantial 
amount of recent research under the rubric of schema theory 
nas suggested that the amount and form of the rolevant back- 
ground knowledge an individual brings to the instructional set- 
ting strongly influence what and how much is learned from the 
instructional materials (for reviews of this research, see 
Munro Rigney, 1977 and i^j^derson, Spiro & Anderson, 1977). 
It appears as if text information is interpreted, organized, 
and retrieved in terms of high-level schemata or systems of 
placeholders. It follows that the student who does not possess 
relevant schemata is going to have trouble learning and remem- 
bering the information encountered in stories and textbooks. 
There are a number of things educators can do to alleviate 
this problem. As Thorndyke (1977) suggests: 

One might, for example, teach a subject domain in a top- 
down hierarchical fashion, by making explicit during 
initial exposures the general form or structural charac- 
teristics of the material to be presented, and by gradually 
increasing the degree of detail and specificity. Thus, 
initial learning would consist of acquisition of the 
appropriate general structure (schema), while subsequent 
learning would require the acquisition of detailed facts 
to fill out the overall organizational framework. This 
presentation strategy has been termed "web teaching- 
(Norman, 1973). (p. 97). 
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In addition to assisting the student in establishing relevant 
schemata, the instructor can facilitate the activation of 
already existing schemata by providing appropriate cues and 
bridging materials. A discussion of these forms of advance 
organizers will be presented under the section entitled 
Supplementary Materials. 

Instructional content can also vary in terms of concrete- 
ness. Many studies of 'paired associate learning have demon- 
strited that concrete words in lists of paired associates are 
learned faster than abstract words # and that picture p&irs are 
learned faster than their corresponding word pairs (Paivio, 
1971) . These findings cf superior recall of imageable material 
has been extended to prose. Montague and Carter (1973) obtained 
superior immediate recall of more vivid (concrete) passages 
than of less vivid passages by college students. Johnson (1974) 
found that idea units rated high on concreteness were recalled 
better both immediately and after a seven-day delay and that 
there was no interaction of concreteness and retention interval. 
Further, Royer and Cable (1974) have shown that concrete, easily 
understood material leads to positive transfer in the learning 
of more difficult, abstract material. 

Despite the generous use of pictures and illustrations in 
textboo)cs, little systematic study of the interactive effects 
of pictures and text on learning and retention has been conducted 
Dwyer (1967) found an advantage of abstract, schematic line 
drawings in the teaching of anatomy, whereas realistic pictures 
were no better than strictly verbal presentations. Fredric)c 

4 
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(Note 2) found stuuants learned grammatical principles better 
from symbolic representations (tree digrams of syntact^ 
representations) than from verbal statements. Stromnes and 
Myman (1974) found superior recall of information at both 
immediate and one year intervals from a passage supported by 
a picture than from the same passage without a picture. Al~ 

< 

though the research indicates pictures do seem to help^ further 
studies are needed to determine what kinds of pictorial rep- 
resentations enhance the transmission of information » and 
under what circumstances. 

Given the data cited above, it is clear that educators 
should attempt to select or develop concrete instructional 
materials that are liberally supported by pictures and illus- 
trations and, where possible, to use, such materials as pre- 
cursors to learning more complex, abstract information. 

Organization (Structure) . Instructional materials must 
be presented in some sequence, and indeed this is usually one 
of the first problems instructors encounter when planning a 
course of instruction. The problem the instructor faces is 
that most bodies of information are not clearly organized into 
a simple sequence. Rather, there are interlocking relationships 
such that any concept must be considered in relation to several 
others. Yet language permits the statement of such relation- 
ships only one at a time; consequently, a decision must be 
made as to which relationship is stated first, second, and so on. 

After an extensive review of the literature, Dansereau,, 

Evans, Wright, Long, and Actkinson (1974) reached three con- 

t 
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clusloni regarding the sequencing of material. First, although 
the results are mixed, there is apparently an effect of sequenc- 
ing on coniprehension and retention of academic-like material* 
Second, except for very specific types of material, there have 
been very few techniques develbped which would provide optimal 
or near optimal sequences. Third, the lack of attention to 

individual differences in academic aptitude has undoubtedly led 

i 

to the masking of sequencing effects. 

On the basis of these conclusions it is clear that further 
effort should be directed toward the development of technologies 
for generating sequences and st^sequent asses siren ts of the 
effectiveness of these generated sequences^ with different 
bodies of material and with students differing in academic 
aptitude. As a first step in thi^ direction, Dansereau, Long, 

Evans, and Actkinson (1980) used multidimensional scaling (MDS) 

<^ ' ... 
as a methodology for creating a con^osite organizational 

structure of a set of concepts using the similarity judgements 

of a number of experts. Systematic algorithms v^ere then 

employed for sequencing the concepts. The results of this 

study were promising in that MDS-generated instructional 

sequences led to higher levels of performance in the learning 

of technical information. 

Along *i similar line, there have been a number of attempts 

to develop procedures for specifying the structure of existing 

texts. These attempts fall under the rubric of text grammars 

(Meyer, 1975; Rumelhart, 1975; Van Dijk & Kintsch, 1977). 

Results of experiments using text grammars to specify relation- 

18 
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•hips h*v« indicattd that iuperordinate propositions (those 
appearing at high levels in the text hierarchy) are better 
retained, especially at increased retention intervals, than 
subordinate propositions (these are defined as propositions 
whose argument^ had previously occurred in other propositions) . 
(See Kintsch, Koswinsky, Streby, McKoon, & Keenan, 1975; 
Meyer, 1975), Also, Thorndyke (1977i has shown that presenting 
two successive text passages with the same structure and di^fernt 
content leads to improved learning of the second passage. 
Apparently the structure acquired by the student from the first 
passage facilitates the learning of the new information in the 

second passage. 

One educational implication arising from the research on 
organization and structure is that multi-dimensional scaling, 
as well as other forms of specifying relationships between 
concepts, may be potentially useful in developing optiraal 
instructional sequences. A second implication, based on the 
work of Thorndyke (1977), is that the structures of text 
material should be standardized as much as possible and, where 
practical, the nature of such structures should be brought to 
the attention of the students. This latter point will be ex- 
panded in a subsequent section on learner variables. 

Supplementary Materials . In addition to the primary 
instructional materials, a number of types of supplementary 
riatei lals have been proposed as potential aids to learning, 
retention, and transfer. These include advance organizers, 
behavioral objectives and inserted questions. Ausubel (1963, 

^ 13 
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1966) proposed that a reader's abstract cognitive structures 
provide the "ideational scaffolding" for the detailed informa- 
tion contained in text. In his words (1968, p. 153), "...new 
ideas and information are learned and retained most efficiently 
when inclusive and specifically relevant ideas are already 

available in cognitive structure to serve a subsuming role or 

. \ 

to furnish ideational anchorage." In line with this theoretical 
perspective, Ausubel has proposed the concept of advance organ- 
izers. According to Ausubel (1978) , advance organizers are 
introductory material at a higher level of abstraction, generality 
and inclusiveness than the learning passage itself and are 
relateable to presumed ideational content in the learner's 
current cognitive structure. In some ways advance organizers 
can be thought of as attempts at "bridging" the gap between a 
learner's prior knowledge and the present learning^iKaterials . 
To date, the research on advance organizers has been somewhat 
equivocal. Some studies have obtained positive effects (e.g., 
Mayer, 1976) and others have found no differences due to 
organizers (e.g., DeCaro, 1977). For reviews and discussion^ , 
of this research see Barnes and Clawson (1975), Har'-ley and 
Davis (1976), Lawton and Wanska (1977)^ Ausubel (197B', and 
Mayer (1979). The root of this equivocality seems to be the 
vagueness of the definition of advance organizers. There are 
no specified rules for constructing these types of materials. 
Consequently, their potential effectiveness varies with the 
cleverness of the instructional designer. Given this situation, 
the existence of a number of published reports on the positive 

20 
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impact of advanct org/ Aizers coupled with the lack of direct 
negative effects (aee the above'-mentioned reviews for examples) 
provides support for the efficacy of this approach. Of partic- 
ular importance for transfer is the work of Mayer (1976) . He 
found that> subjects given an advance organizer in the form of 
pretraining with a concrete model of the computer before 
learning performed better on novel (far) transfer and about the 
same on near transfer relative to no-pretraining subjects, 
including subjects who were given posttraining with the same 
model after learning. He suggests that the concrete model 
served as advance organizer which provided subjects with a 
meaningful learning set to which new information could be 
assimilated. Those subjects who did not receive the model were 
apparently encouraged to build narrower outcomes by adding the 
new technical information to their memories in the form pre- 
sented. The import of Mayer's study is that advance organizer 
material may be effective in promoting delayed retention and 
far transfer, and consequently should be used in settings 
where these effects are desirable. In another study, Mayer 
(1978) found that low ability subjects given an organizer prior 
to reading performed better on questions that required inte- 
grating across different paragraphs of the presented text, and 
subjects given the org*>nizer after reading performed relatively 
better on questions concerning information that they had read 
within the same paragraph. Apparently the advance organizer 
used in this study served as an integrating context to which 
new, incoming information could be assimilated. When the test 
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questions reflect the presentation organization » an advance 
organizer apparently has little positive effect? however, when 
the material is presented in an order that is inconsistent with 
the posttest questions, then advance organizers seem to have a 
facilitatiye effect. Since this latter situation is more likely 
to arise in roost real world educational settings, it seems 
highly advisable for educators to devote considerable effort 
to the development of appropriate advance organizers. According 
to Ausubel's (1968) subsumption theory and Mayer's (1975) 
assimilation encoding theory, advance organizers may be especial: 
important for the learning of technical, unfamiliar, or poorly 
organized material because they serve the following functions: 
(a) availability— a meaningful context is provided to which new 
material may be assimilated. For example, Ausubel a968, p. 148 
has argued that meaningful learning requires having relevant 
"ideas already available in cognitive structure" and for ad- 
vance organizers to provide these "anchoring ideas or subsumers". 
the advance organizer must be "presented at a higher level of 
a hs traction, generality, or inclusiveness. " (b) Activation- 
advance organizers may serve to encourage encoding strategy 
in which the learner attempts to integrate ncoioing information 
with the meaningful context. In this regard, Ausubel and 
Fitzgerald (1961, p. 266) have used the term "discriminability" 
to refer to the role of an organizer to "delineate clearly, 
precisely, and explicitly the principal similarities and 
differences between the new learning passage. . ^and existing 
related concepts in cognitive structure." Ausubel (1968) and 
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his colleague! (Auiubel ft Fitzgerald, 1961) have suggested 
using an "expository organizer" when no anchoring ideas are 
available to the learner and using a "comparative organizer 
when anchoring ideas are available. 

The concept of advance organizers can be thought of as 
a subset of a broader, irore basic theoretical framework labeled 
"schema" theory. Schemata are abstract knowledge structures 
whose elements are other schemata and slots, placeholders, or 
variables which can take on a restricted range of values 
(Kinsky, 1975; Rumelhart * Ortony, 1977? Schank & Abelson, - 
1975) . A schema is structured in the sense that it indicates 
typical relationships among component elements. In the simplest 
case the reader or listener will have a preformed schema ade- 
quate to subsume (Ausubel, 1963) a text. The encoded represen- 
tation of such a text will consist of the subsuming schema in 
which the slots have been assigned specific values; that is, 

♦ 

are instantiated (Anderson, Pichert, Goetz, Schallert, Stevens, 
ft Trollip, 1976) with the particular information in the 
message. A person will have the subjective sense that a 
passage has been comprehended when there is a good match between 
the in'iormation presented and the slots in the schema. 

The learner uses two general kinds of schemata in inter- 
preting text. The first embodies knowledge of discourse con- 
ventions that signal organization. These are probably special- 
ized conventions characteristic of distinct text forms as well 
as conventions common, to most forms : thus, it is possible to 
•peak of a story schema, a personal Utter schema, a news 
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article ichema, a 'Scientific report ichema, and so on. As a ' 
class, knowledge of the discourse-level conventions of text 
may be called textual schema. Very little research has been 
conducted with thise types of scheniata; One notable exception 
which will be taken up in a later section is a recent study 
jy Brooks and Dansereau (1980) . 

The majority of prior research has, been concerned with a 
second general type of schemata, namely content scherata, 
embodying the learner's existing knowledge of real and imaginary 
worlds. What the learner already knows and believes about a 
topic. helps to structure the interpretation of new messages 
about this topic. variety of experimental techniques has 
been employed! to study, the' effects of schemata.^ For instance, 
titles have been provided that induce different interpretations 
of ambiguous passages (Bransford & Johnson, 1973; Schallert, 1976) 
Or, characters in the passage to be read have been assigned the 
names of well-known figures, thereby insinuating the relevance 
of the learner's existing knowledge of these individuals (Sulin 
& Dooling, 1974; Brown, Smiley, Day, Towjisend', & Lawton, 1977). 
Or alternate introductions to the i nssages have been written so 
as to cause learners to identify Vi' h different characters 
(Owens, Dafoe, & Bower, 1979). Or, schemata have been manipu- 
lated by selecting subjects with different amounts of knowledge 
about a topic or different cultural backgrounds (Anderson, 
Reynolds, Schallert, & Goetz, 1977; Spillich, Vesond^* Chiesl, 
4 Voas, 1979; Steffenson, Jogdeo, & Anderson, 197^. 

Two clear findings have emerged from this research. First, 
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learners make inferences conssitent with their schemata. Second, 
they recall n-.ore text information ir\portant to their schemata. 
Although this research has been useful in demonstrating the 
importance of the inter&wicion of an individual's memory 
structure with the text to be learned, the focus of this research 
has b^en almost exclusively on narrative discourse (i.e., 
stories). This is unfortunate in that the type of schema that 
are useful in understanding and recalling narrative prose may 
not be directly generalizable to many types of academic materials 
where the individual does not have a stored set of directly 
relevant experiences. In these situations it would appear that 
more abstract or textual schemata \could be of greater importance. 
In particular, the processing of acadsmic material should be 
facilitated by form schemata which specify the set of categories 
of information a well-informed learner should knov/ about a 
particular topic. Unf ortcnately very little research has been 
directed toward this aspect of schema theory. The one study 
in this domain, Brooks and Dansereau ^ote J) , will be discussed 
in a subsequent section. 

Behavioral objectives are another type of supplementary 
mater al that ha' e been used to promote learning, retention 
and transfer. These are Rtatementi provided to the learner 
about what should be achieved as a result of the learning ex- 
perience. Those such as Gagne (1967), Glaser (1967), and 
Mager (1968) who support the use of behavioral objectives 
typically claim that behavioral objectives clearly indicate to 
students v>;hat is required of them, and as a result relevant 
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learning is enhanced. Those luch as Atkin (1968), Eisner (1967) 
and Paths (1971) who expjpess Reservations about behavioral 
objectives suggest that they discourar/e students from expanding 
their horizons by encouraging them to confine- their leatning 
to specified objectives, and as a result incidental learning 
Lb depressed. Unfortunately, much of the dialogue concerning 
tne strengths and wea)cnesses of behavioral objectives fails to 
distinguish between hypothetical claims and empirically sub- 
stantiated knowledge. Melton (1978), in a review of the 
literature; concludes the following: "From this review it is 
clear that a variety of complex conditions determine whethei; 
or not behavioral objectives enhance relevant learning and 
depress or enhance incidental learning. . .Much effort has been 
wasted in attempting to find a simple,, universal i^swer as to 
whether behavioral objectives shoji^^d o.r should not be used, 
and an alternative approach is ri^quired :^ It is suggested that 
this sljould be one that tripats behavioral objectives "^'simply as 
one of several tools available to, educators, with research 
directed toward determining not only their advantages and 
limitations, but also the :onditions under which they can be 
used most effectively." (p. 299).- Given the uncertain! 
state of the research findings concerning behavioral objectives 
it is difficult (at this time) to make,, a, positive or negative 
recommendation concerning their implementation in educaiiional 
settings. r | 

Adjunct questions are conceptually related to beha^|ioral 
objectiver,^but have received substantially more researcjj a tten'^ . 
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tion. Typically, one or two adjunct questions are inserted 
either before (prequestions) or after (postquestions) a segment 
of text. After reading the passage » examination is then made 
of the amount of questioned (intentional) and nonquestioned 
(incidental) passage material retained by the learners. The 
typical finding in studies of this sort (see Anderson & Biddle, 

1975, and Ric)cards, 1979, foi^ reviews) is that the prequestion 
group retains roughly the same amount of material directly 
questioned as the postques tion group, and that both -adjunct 
question groups retain more of the questioned material than a 
reading-only control group. This has been called the "direct 
instructive effect" (Rothkopf, .1966). More important, adjunct ^ 
question studies have generally demonstrated that a postquestion 
group produces more recall of material not actually questioned 
than a prequestion group or a reading-only control condition. 
It is this so-called "mithenagenic" (Roth)copf, 1965) effect or 
-indirect effect" (Anderson & Biddle, 1975) which has received 
the greater degree of empirical attention (see Hartley fc-Davies, 

1976, and Rickards & Denner, 1978, for reviews). 

Of partii ular importance in this domain is the research 
on the^use of .ifferent types of adjunct questions. Table 1 
(from Andre, 1979) illustrates the major types tha't have been 
explored. Andre (1979), in an extensive review of this liter- 
ature^ con(^udes that higher level questions (those above the 
factual level, see Table^l) have feci litative effects on both 
reproductive and productive knowledge, but that the conditions 
' under which such facilitation occurs are hot well understood. 
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With regard to transfer, a number of studies suggest that when 
students are given adjunct application questions (see Table 1) 
about concepts and principles, as compared to adjunct factual 
questions, their ability to use knowledge of the concepts and 
principles to recognize new examples or solve problems involving 
the concepts and principles is enhanced (Watts t Anderson, 1971; 
Dapra t Felker, Note 4). The effects of the questions appear 
to be specific to the concepts and principles asked about in the 
adjunct questions; the acquisition of other concepts and 
principles discussed is not facilitated (Shavelspn, Berliner, 
Ravitch, & Loeding, 1974; NcKonkie, Rainer, & Wilson, 1973). 

There are also a number of additional studies using high 
level questions that appear to have direct educational impli- 
. cations. For example, Anderso*^ > .Anderson, Dalgaard, Paden, 
Biddle, Surber, & Alessi (197:) xound that cognitively high 
level adjunct questions significantly enhanced performance in 
an economics course when presented as part of a computer assisted 
instruction program* Moreover, research by Rickards and 
Hatcher (1978) has demonstrated that the insertion of high 
level adjunct questions significantly enhanced the performance 
of poor "compreher 3ers," i.e., readers whose vocabulary level 
was average or above, but whose comprehension subtest score in 
a reading achievement test was one year or more below average. 
Given this information, applied researchers iiight well further 

V 

explore the use of adjunct questions j.n computer assisted 
instruction settings or, perhaps, as a remedial reading tech- 
nique employing, a transfer of learning design. 
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In funntary, the results of the adjunct question studies 
strongly indicate that high level post questions be included 
with primary instructional materials. 

Instructional Methods . A large variety of instructional 
methods has been implemented and assessed (e.g.# programmed 
learning, computer assisted instruction, lecture, discussions). 
Unfortunately the results of these assessments have been 
largely equivocal. Dubin t, Taveggia (1968) in an extensive 
review of the educational literature, conclude that there appears 
to be no difference among truly distinctive methods of college 
instruction when evaluated by student performance on final 
examinations. More specific instances of this equivocality have 
been pointed out by Carroll (Note 1) and Dansereau (1978) . 

Most of the studies assessing instructional methods have 
not looked at the interaction of instructional methods with 
other variables such as individual differences and type of 
assessment. This ^s unfortunate 4* that the few studies exaip- 
ining interactions have produced some interesting results. For 
example, it has been typically found that discovery (trial and 
error) learning methods produce better "far" transfer to novel 
situations while expository (guided) learning methods produce 
better "near" transfer (Mayer, 1975). Further, with regard to 
individual difference interactions, it has been found that field 
independent individuals (those who can locate a simple figure 
in a ,more complex field) benefit more from discovery learning 
situations while field dependent individuals (those who have 
difficulty locating simple figures within more complex ones) 
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benefit more from expository or guided learning conditions 
(McLeod & Adams, 1979). Clearly, these types of interactions 
would seem to mask main effects in studies that did not includt 
these additional variables. 

The evidence from the research on different instructional 
methods would suggest that an omnibus approach to instruction 
is ill-advised. Rather, instructional methods should be • 
tailored to fit the desired learning outcomes and the individua 
aptitudes, styles, and preferences of the learners. Further 
information on approaches to matching instruction to individual 
differences has been provided by Hunt (1977) and Snow, Shuell, 
and MarshaleJc (Note 5). This topic area will be elaborated in 
the next section. „ 
Retention and Transfer of Meaningful 
Verbal Learning; 'Learner Variables 

This section cdhtains a presentation of a variety of indi- 
vidual difference variables that have been related to learning ' 
outcomes. Where appropriate the potential interaction of these 
variables with instructional -and tiAsJc variables v/ill be dis- 
cussed . 

^ I> tellectual factors . One: important intellectual factor 
is conceptual or integrative complexity. This factor is defined 
as: "The extent to which dimeniional units of information can 
be interrelated in different ways in order to generate new and 
discrepant perspectives about stimvili" (Schroder, Driver, & 
Streufert, 1967, p. 25). This aptitude or capacity has been 
measured by a variety of techniques. For example, subjects art 
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aiked to conplttte a passage, on some academic topic • Expert 
raters then analyse the subject's output for the following 
type of evidence: inability to generate conflict or diversity, 
inability to view a situation from another person's point of 
viev . nd see it in relation to one's own, inability to generate 
alternate perceptions and outcomes, tendency to seek structure, 
avoid delay, to close fast, etc. Persons with the above tenden- 
cies are rated "concrete" or "simple"; persons with opposite 
tendencies are rated "abstract" or "complex." 

Schroder, Driver, and Streufert (1967) have also measured 
coi^ceptual complexity in a multidimensional scaling task. In 
this situation a multivariate technique is ')sed to abstract a 
subject's conceptual space from his similarity judgments of all 
possible pairs of stimuli (for example, semantic concepts). 
The more a conceptual space contains dimensions of information 
that are not objectively or directly given by the situation, the 
more "abstract" or "complex" the individual. The "concrete" 
or "simple" person is considered to be more "stimulus bound." 
Also, according to the above authors, more balanced use of 
dimensions indicates a more "ai street*' individual. ^ 

In tactical simulation gam s, conceptually complex people 
apparently develop higher level strategies than simple persons 
no matter what the level of environmental complexity (Streufert, 
Clardy, Driver, Karlins, Schroder, k Suedfeld, 1965; and 
Driver , Note 6 ) • 

Claunch (1964) compared the examination performance of 
"concrete" (simple) and "abstract" (Complex) students (holding 



A02 

Scholastic Aptitude Test scores constant) in an introductory 
course on personality. On objective questions, "abstract" and 
"concrete" individuals scored equally well, while on essay 
questions, "abstract" persons performed at a significantly 
higher level. 

Along a similar line, Suedfeld and Hagen (1966) showed 
i '' ' ■ ' 

that high conceptual level subjects were better tb?in concep- ' 

tually simple subjects at solving complex verbal problems, but 
not at solving simple ones. 

"Complex" and "simple" individuals were asked to identify 
an indistinct or unstructured stimulus pattern and their pre- 
' decision information processes were assessed. Structurally 
complex Ss generated more alternative responses and made 
greater differentiating, encoding, and inferring responses 
(Sieber & Lanzetta, 1966; Saloman, Note 7). 

Conceptual coxnplexity, which exhibits correlations ranging 
from .12 to .50 with IQ, appears to be a potentially potent 
factor in determining the types of learning and problem solving 
strategies which can effectively be used by an individual. 
Obviously, learning methods requiring rapid integration of a 
diverse set of materials would be extremely difficult ^or a 
conceptually "simple" individual to employ. Conversely, 
"complex" students may become bored with simple tasks and 

* , stratiegies. 

The Structure of Intellect model (Guilford ft Hoepfner, 197 
provides a good framework for discussing component learning 
skills. In this model, five intellectual ^operations" have 
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been Identified by factor analysis of a large variety of paper 
and pencil tasks. These operations and their corresponding 
descriptions are as follows: 

(a) Cognition — Iininediate discovery, awareness, rediscovery, 
or recognition of information in its various forms, comprehension 
or understanding. 

(b) Memory — Fixation of newly gained in^mation' in 
storage. . . ^ 

(c) Divergent production — Generation of logical alter- 
natives from given information, where emphasis is upon variety 
and quantity. 

(d) Convergent production — Generation of logical conclu- 
sions from given Information, where emphasis is upon achieving 
unique or conventibnally best outcomes. 

(e) Evaluation — Comparisons of items of information in 
terms of variables and making judgments concerning criterion 
satisfaction. 

Prior empirical work has shown that ability to perform 
the Structure of Intellect operations strongly relates to 
achievement in ninth grade math (Guilfo d, Hoepfner, & Peterson, 
1965; and Guilford 6 Hoepfner, 1971), te ith grade geometry 
(Caldwell, Schroder, Michael, & Meyers, 1970), advanced calculus 
(Hills, 1957), and concept learning (Dunham, Guilford 6 Hoepfner, 
1968). ' 

Zn a more general sense it should be noted that intellectual 
aptitude of the learners may strongly influence the apparent 
fffectiveness of various instructional methods. For example, 



Snow (1977) suggests the following: 

' ...in conventional lecture-demonstration instruction in 
science/ one will usually find a mode^cati^ correlation 
between mental ability at the start and achievement at the 
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end. If one makes the instruction more inguiry-oriented> 
the ability-achievement correlation will usually go up. 
That. is, higher ability students do bietter and lower ability 
students do less well r relative to conventional conditions. 
If, on the other hand, the instruction makes increased use 
of physical models and simplified, clear-cutl demonstrations , 
the ability-achievement correlj|ti->n may often go down; here* 
lower ability students do better and higher ability studenti 
do less well, relative to their performance in conventional 
conditions. This sort of result has led to the hypothesis 
that increasing the information processing burdens in 
instruction allows high [ability] students to capitalize on 
I their ability , while overtaxing the lower ability students. 
Removing some of these burdens compensates for low [abilityj 
students' weaknesses. In effect, the treatment must be 
made to do for these latter students what they cannot do 
for themselves, at least temporarily. This helps lower 
ability students but fails to stretch higher ability 
students and in the extreme bores them or interferes 
with their idiosyncratic processes. Such phenomena are 
ubiquitous in :education , but they are not at all well 
understood. Obtaining such understanding requires process 
analyses of both aptitudes and instructional situations. 

(pp. 5-6). 
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PTionalitv Variables . Rokeach (1960) implied that highly 
dogmatic learnera (at maaiured by a paper and pencil test on 
dogwatiam) would presumably. reject new belief systems because 
of the threat such individuals associate with beliefs which 
differ from their ^existing cognitive systems. They, more than 
others, would probably avoid discrepant or novel information. 
On the other hand, low dogmatic learners would presumably 
experience no such threat and would, accordingly, be open to 
novel information. Experimentation on this issue has shown 
that high dogmatics make more errors than low dogmatics in 
learning "belief incongruent" associates (for example, ball- 
square) but excel in the acquisition of -belief congruent" 
pairs such as ball-round (Mams & Vidulich, 1962). Along 
similar lines, Kleck and Wheaton (1967) found that high 
dogmatics recalled less information which disagreed with their 
existing beliefs than low dogmatics. 

The concept of Internal versus External control of rein- 
forcement, introduced by Rotter (1966), refers to the degree of 
control the person judges that he/she has over his/her environment 
The person at the "internal" end of the continuv p. perceives 
outcomes to be a consequence of his/her own acti ns. The per- 
son at the "external" pole believes that outcomes are due to 
fate, luck, and powerful others, and, therefore, are beyond 
his/her personal control. "Internals" more actively seek in- 
formation relevant to problem solving than "externals" (Davis 
ft phares, 1967). "Internals" tend to retain more information 
when this information is relevant to personal goals (Seeman, 
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ft Evant, 1962). And "Intarnals" tend to better utilize infor- 
mation that has been equivalently acquired and retained by 
internal, and externals (Phares, 1968). Julian and Katz (1968) 
using a lynonynv/antonym word-pair identification tank showed 
that "internals" spend more time on difficult items than on 
easy ones, while externals* decision times are not related to 
item difficulty. 

In an extensive review, Coleman, Campbell, Hobson, McPart- 
land. Mood, Weinfeld, and York (1966), found that sense of con- 
trol over the environment was th€» best single predictor of 
Black students' academic achievement. It is interesting to 
note in this regard that Internal-External control is virtually 
unrelated to IQ (Hersch ft Scheibe, 1967; Rotter, 1966) . 
* Cognitive styles. Cognitive, styles , in many cases , appear 
to i:^adiate between personality characteristics and aptitudes 
on one hand, and concrete learning and problem solving strategies 
on the other. Cognitive styles have been defined by Witkin, 
Oltman, Cox, Ehrlichman, Hamm, & Ringler (Note 8) as: "Charac- 
teristic modes of functioning that we show throughout our per- 
ceptual and intellectual activities in a highly consistent and 
pervas^vexway (p. 2)," and by Kagan, Moss, and Sigel (1963) as: 
"Stable individual preferences in the mode of perceptual organi- 
zation and conceptual categorization of the external environment, 
(p. 74)." >^s can be seen from the above definitions, cognitive 
styles act more or les^s as meta-strategies, and as such create 
definite boundaries on the types of specific strategies available 
or potentially available to individuals. Examples of specific cotn*\^ 
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•tylai and thtir ralationihip to educationally relevant vari- - 
ablei will be" presented next. 

A number of atudiei (Gardner, 1953? Br.uner, Goodnow, 6 
Austin, 1956) have demonstrated that individuals tend to use 
relatively constant category widths in the classification of ^ 
objects and events. P«ttigrew (19 58) developed a Category 
Width Scale which has been positively correlated with breadth 
of stimulHj generalization (Wallach & Caron, 1959), and 
negatively related to the recall of human faces in an incidental 
learning tas)t (MessiOc & Damarin, 1964). High scorers 

(large category width) make more accurate perceptual judgments 
under normal conditions but not under distracting conditions 

(Bieri, 1969). 

Kagan, Moss, and Sigel (1963^ have identified three style 
categories based on the subjects' grouping of common pictorial 
•timuli. in using a descriptive-analytic style the individual 
tends to prefer to split these environmental stimuli into 
discrete entities and to respond to them as separate unitr.. 
When analytic individuals are required to group stimuli for 
purposes of categorisation, they tend to base their groupings 
on objective attributes shared by all of the stimuli. T^e 
.....>n.^>i>cateqorical style is typified by a grouping of the 
.timuli which are categori ad together. The relational-con- 
textual response is based on a preference by the subject toward 
categorizing stimuli on the basis of functional or thematic 
relationships which may occur among these objects. 

Generally these last two categories are combined to form a 
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*'non-analytic*' eatftgory, thus producing a bl-categorical 
system: analytic style versus nonanalytic style. Sigel (1967) 
has constructed a paper and pencil test for tapping these two 
styles. Subjects who have been found to be i^a^ytic appear to 
attend to more factual detail in concept acquisition (Kagan et 
al. , 1963) , are superior to nonanalytics in learning concepts 
based on objective similarity of detail ainong visual stimuli 
^ (Lee, Kagan, & Rabson, 1963), and score higher, on performance 
tests than verbal tests (Kagan, Rosman, Dayir Albert, & Phillips # 
1964). Conversely, nonanalytics score better on verbal tests - 
than performance tests; learn functional relationships better 
than analytics; and tend to be more impulsive than analytics 
on tests of cognitive control (Kagan et al., 1963; Kagan et al., 
1964). There does not, however, appear to jse a significant 
difference between these two style' categories in terms of XQ. 

Beller (Note 9) has demonstrated that a specific teaching 
method can be designed to facilitate the learning of children 
in associating words with objects when the cognitive styles 
(analytic versus nonanalytic) of these children are identified 
and used to assign the children to teaching methods which are 
consonant with their stylistic preferences. 

On the other side of the coin, Scott and Sigel {nott 
showed that inquiry versuS expository teaching methods used in 
grades 4, 5, and 6 actually influenced responses on the Sigel 
Cognitive Style Test (1967) , thus indicating that the analytic- 
nonanalytic styles are somewhat modifiable. 

The notion of field dependence and field independence was 
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originally developed by Witkin and his colleagues (Witkin, 
Dyk, Fiaterson, Goodenough, & Karp, 1962 ; Witkin, Lewis j Hert. "lan, 
Machover, heissner, & Wapner, 1954). The Rod and Frairie Test 
(RFT) , in which the svabject is required to directly or indirectly 
adjust a movable rod to the true vertical position while the 
rod itself is located in a separately tilted frame, and the 
Embedded Figures Test (EFT) , in which the individual must detect 
sin^.ple geometrical figures contained within much more complex 
figures , have been used to assess field dependence. The more 
difficulty an individual has on the above two tasks the greater 
is his field dependence. Witkin and his colleagues (1967) have 
shown the invariance of the EFT and RFT scores under a variety 
of natural (for example, age, marriage, divorce) and experimental 
(for example, drugs, ECS, hypnosis) conditions. 

Kennedy (1972) found that field independe'^ce (FI) was 
related to success in aviation ..training for both pilots and 
non-pilots. These findings are consistent with a number of 
other studies that reported superior performance by field 
independents on various pilot simulating, pilot related, or 
pilot se^!ective tasks (Benfari & Vitale, 1965? Thornton et al., 
1968; Barrett & Thornton , 1968; Crutchfield et al. , 1958). In 
addition, engineers have been found to be more FI than a general 
college sample (Barrett & Thornton, 1967) , while students 
majoring in liberal arts are more field dependent (FD) than 
those majoring in physics, math, and chemistry (DeRussey & 
Futch, 1971). It also appears that children with learning 
difficulties generally tend to be field dependent (Keogh & 
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Oonlon, 1972| Bruininks, 196 Stuart #1967). Finally, ParaSvuS 
and LoAg (1979) found that bearing impaired ' studenti tend to 
be more field dependent than their nonnally Clearing] peers./ ' 

A few attempts have been made to match f i^ld dependent/ 
independent styles with teaching method. Hester an<3 Tac|atz 
(1971) use^ a measure highly correlated with the EFT to assess 
^analytic (FI) and global (FD) cognitive styles. They then 
instructed their Ss in two concept attainment strategies: 
"Commonality" (determining attributes common to correct in- 
stances) and "Conservative" (comparing negative and positive 
instances to find differences). Ss displaying analytic (FI) 
st/les apparently could use either strategy effectively, whilC 
Ss displaying a global (FD) style were able to use the common- 
ality strategy but not the conservative strategy. In another 
study. Grieve and Davis (1971) tested Analytic (FI) and Global - 
(FD) subjects after 11 hours of geography using two methods o^ 
instruction (expository and discovery) . They found Analytic 
(FI) §s did generally better than Globals (FD) and that there 
was no aptitude treatment interaction. However, more recent 
studies have suggested that FIs learn more effectively with a 
discovery approach while FDs learn better with .an expository 
approach (e.g., NcLeod & Ad2uns, 1979). More generally, resea*^ 
has indicated significant differences between field-dependent 
and field- independent individuals with regard to the teaching- 
learning process. As examples, field dependent individuals 
tend to be better at learning and remembering incidental soei#t 
mat^'Ljial (Eagle, Goldbergcr, & Breitman, 1969), are more aff«C^ 
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by eXt^rnAl rtinforcemtnt in the form of praise or criticism 
(Ferrell, 1971; Konitadt & Porinan, 1965), and are more likely 
to Have difficulty with relatively unstructured material (Renzi, 
1974) than field-independent individuals. Amplifying these 
ideas, Wittroclc (1979). suggests that the field dependence/ 
independence dimension can be used as an index of the extent 
tp which ittfdents will\benefit from a structured vs. a more 
permissive environment. According to Wittrock, field-independent 
students learn better from a situation in which they are per- 
mitted to set their own goals, provide their own motivation, 
and determine their own reinforcement. Field-dependent students 

are more comfortable and learn better with externally ('efined 

C'' 

goals, external reinforcement, and a clearly delineated structure. 

Indirect evidence that instructional/communication approaches 
can be tailored to styles .comes from studies in a therapeutic 
setting. Witkin, Lewis, and Weil (196B) found that therapists, 
regardless of their cognitive style, took a significantly more 
directive role with their field-dependent clients than with 
their field-independent clients. The' therapists also tended 
to ask more questions answerable with a sinpj-^es or no of , 
their field-dependent clients, while asking more^' open-ended 
questions of thej.r field-independent clients. The therapists 
thus seemed to be adjusting to the need for structuring based 
on their clients' cognitive styles. This adjustment seemed to 
take place automatically based on cues picked up in interaction 

with the client. 

The results led Witkin, Moore, Goodenough, and Cox (Note 11) 



i to„a8k "whether by •eniitizing teachers to the implications of 
} their own styles and the styles of th^ir students for the 
; teaching- learning process, we may increase the adaptibiiity of 
teachers. (p. 50). A study by Doebler and Eicke (1979) . 
attempted to partially answer this question with fifth-grade 
students. Teachers in the "experimental" schools were made 
aware of the educational implications of the field-dependence/ 
independence dimension of cognitive style, the individual 
styles of their students and their own styles. Teachers in 
the "control" school received no information. Measures of 

I.' 

self-concept and attitude toward school were administered prior 
to teacher training, and again at the conclusion^ of the experi- 
ment to all students. Analyses* cf covariance indicated signif- 
icantly higher posttest scores in the "experimental" schools 
on both the self ^concept and attitude tov/ard school measures. 

The examples presented above provide clear evidence as to 
the relatively strong relationship between Cognitive style 
variables and academic attitudes and behaviors. These styles 
or m.eta-strategies deserve even further consideration in the 
tailoring of instructional methods to individuals. 

Reception preferences . At a somewhat more specific lev£ 
than cognitive styles, individuals have preferences for receiving 
information in certain ways. As with styles, these preferences 
should influence the strategies available to a student and the 
effectiveness with which he/she applies them. Depending on their 
potency, these preferences will either limit which strategies 
can be taught to an individual or will themselves be modified 
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by itratcgy training procadures. 

Hartnett (1973) asaesBed four dimensions of learning style 
preference in 2,175 8s. These dimensions were: 

(a) Preference for. regular classwork versus independent 
study. 

/ 

(b) Preference for objective versus essay examinations. 

(c) Preference for lectures versus discussion. 

(d) Like versus dislike of doing individual research. 
As a result of this, assessment study, Hartnett found the 
following: 

On entering college, students generally preferred regular 
classwork, objective exams, discussions, and were equally 
divided on attitude toward individual research. 

"Bright" entering students (as measured by Scholastic 
Aptitude Test scores and high school grade point averages) 
preferred regular classwork, objective exams, lectures, and 
individual research. 

During the first two years of college, trends in prefer- 
ence generally were from assigned to independent study, objective 
exams to essay exams, discussion to lectures, and toward more 
individual research. 

However, though there was a steady move toward preferen '^s 
for less traditional styles during the first two years of college, 
it appearfd to be the less able students whose learning style 
preferences were drifting in this direction. Although there 
were relationships between preferences and academic performances, 
it is not clear whether learning style preferences are a cause 
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or an effect of course grades. Obviously, further research on 
this issue is needed. ' . j 

If learning style preference pioves to be a viable educa- 
tional variable, then matching of instruction ' ? preference 
would probably be beneficial. If such matching is impossilble 
or ineffective, perhaps the teaching of effective strategies 
for dealing with non-preferred instructional methods would 
enhance the achievement of "poor" students. 

Closely related to learning style preference is a variable 
that has been labeled educational set by Siegel and Siegel 
(1965) . The two extremes of educational set can be described 
as follows: A factually set learner is one who, by definition, 
is predisposed to learn factual content. He/she adds units of 
information to his/her cognitive structure without being driven 
to interrelate these elements into any conceptual whole. For 
such a learner, a' fact has an integrity of its own. A concep- 
tually set learner is one w^o, by definition, rejects factual 
acquisition except as units of information that ^re clustered 
and interrelated. Ke/she prefers to learn concepts and 
principles, t^en confronted by a bit of factual ini'^rmation 
he/she either dismisses it as "unimportant" or subsm ^B it 
under a broader conceptual framework. 

Siegel and Siegel (1965) measured educations 1 set by a 
forced choice inventory (Educational Set Scale) which required 
preference judgments. They shovred that conceptually set 
learners exhibited higher performance on both conceptual and 
factual aspects of a fin.al exam in a televised college course. 
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In addition, Sanders and Tzeng (1971) found evidence that pref- 
erence for conceptual versus rote learning was related to actual 
performance on concept learning and rote learning tests in the 
predicted directions. 

Based these findings and intuitive grounds it seems 
reasonable to atteitpt ^o alter educational set in a conceptual 
direction. However, it is possible that by the time a student 
reaches college age, hisAer educational set is relatively 
fixed and resistant to change. If this is the case, the present 
studies suggest the wisdom of arranging for congruence between 
the student's set and the educational goals impo,?ed upon him/her. 

Preferences for various types of media will potentially 
influence learning in ways analogous to cognitive style, learning 
style preferences and educational set. The actual effectiveness 
of various media in conveying information may reflect preference 
or the differential availability of effective acqv^isition 
strategies for different modes of presentation. 

The hypothesis that adults generally have preferences for 
visual information is supported by Lordahl's (1961) finding 
that, in a concept discrimination task, subjects were more 
likely to attend to visual than to auditory stimuli. Also, 
Stevenson and Siegel (1969) found that as children get older, 
they pay increasing attention to visual information in film 
presentations and less attention to the auditory information. 

James (1962) asked 503 basic airmen to express preferences 
for taking a lesson by reading or by lecture (a no-preference 
option was permitted) . There were no performance differences 
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associated with preference but /qr the total sample learning 

/ 

by reading was superior to lecture. Preference was unrelated 
to ability, but .the superiority of reading was greater for 

high-ability airmen. 

i 

In accord w|th the above study, at the high school lev^l 
and beyond, rese^irch results usually favor reading over listening 
(Belcastro, 1966; Beighley, 1952; Cody, 1962). Xing (1968) and 
King and Madill (1968) found that with college stu' ts reading 
and listening were about equally effective for retention of 
factual material, but that reading was superior for the compre- 
hension of the **gist'* or "theme." Research with nonprose verbal 
materials supports the idea that visual presentation is increas- 
ingly advantageouB->for more difficult material (Schultz & Kasschaui 
1966; Van Mondfrans &\Travers, 1964). 

Combined auditefy-visual presentation of connected prose 
either shows no advantage over visual presentation or actually 
constitutes an interference (Mowbray, 1?53) , particularly if 
the materials are easy. 

Study behaviors and attitudes . A number of questionnaires 
have been developed to survey students' stviy habits (strategies) 
and attitudes (e.g.. Brown k Holtzman, 1966, Biggs, 1970 a and b; 
Goldman & Warren, 1973). Experiments assessing the utility 
of these questionnaires have shovm that behaviors delineated in 
this relatively economical fashion, do relate to academic 
performance, and in many cases, overshadow traditional ability 
measures. It seems clear that measures of this type should be 
administered in order to assist in the diagnosis of learning 

46 



A17 

difficultiM. Once diagnosed I students can given strategy 
training designed to ameliorate their specific problems. 
Approaches to this type of strategy training will be discussed 
in more detail in the section on skills to content transfer. 
Summary of Educationally Relevant Principles , 

An examination of the research described in this section 
has led to the following suggestions for improving educational 
practices designed to fostet content to content transfer: 

1. Use existing readability formulas (see Carroll, 1971) 
to help select and/or create comprehensible instructional 
materials. 

2. The general research on the facilitory effects of imagery 
would suggest that educators should atteihpt to select or develop 
concrete instructional materials that are liberally supported 

by pictures and illustrations and, where possible, to use such 
materials as precursors to learning more complex, abstract in- 
formation. 

3. Multidimensional scaling techniques and text ^grammar 
formulations should be used to provide a basis for organizing 

w » 

and sequencing instructional materials. 

4. Make use of "web teaching" approaches (Norman, 1973). 
Teach a subject domain in .a top-down hierarchical fashion by 
making explicit during initial exposures the general form or 
structural characteristics of the material to be presented 
(perhaps via overviews) , and by gradually increasing the 
degree of detail and specificity. 

5. Make sure individuals have appropriate prerequisite 
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Infoznatlon and create advance organizers to bridge the gaps 
between the student's existing cognitive structures and the 
target learning material. Both cosqparatlve and expository 
organizers (Ausubel, 1978) should be employed; these organizers 
should be made as concrete and as imagery evoking as possible. 

6. High level adjunct post-questions (particularly appli- 
cation questions, see Table 1) should be used to facilitate 
transfer These provide "forward" bridges to new materials. 
They also allow the instructor to assess the present state of 
the learner's knowledge as a basis for remediation. As lllustrat 
in Figure 1, the learner's cognitive state is of critical 
importance as a prerequisite to subsequent transfer. 

7. Less time sonsuming, guided, expository teaching ntethodf 
should be used when the goal is "near" transfer, while discovery 
(trial and error) approaches (e.g., laboratory exercises) should 
be employed when "far" transfer is desired. 

8. When feasible. Instructional methods should be tailored 
to fit the styles, aptitudes, and preferences of identifiable 
subsets .of learners. One salient example of the need for this 
type of tailoring is the finding ♦•hat field independent studentf 
tend to learn better in a more pernlssive instructional environ- 
ment, while field dependent students fare better with a more 
structured environment. Other important individual difference 
variables that should be considered in designing instruct.ional 
methods are cognitive complexity. Intellectual capabilities 
(e.g., structure of intellect dimensions), internal-external 
locus of control, and reception (learning) preference. 

t 
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9. Individual differences in learning behaviors and 
attitudes should be assessed and used along with ability measures 
as a basis for assigning students to skills training programs. 
This suggestion will be amplified in a subsequent section on 
Skills to content transfer. 
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SECTION III: SKILLS TO SKILLS TRANSFE^R 
x.i this section the focus will be on ^the transfer of 
learned skills from one situation to another. Research relevant 
to cognitive and motor skills will be presented in separate sub- 
sections followed by a general section on important insti-uctiona 
variables. . . . . \ 

Cognitive Skills 

The term cognitive skills is usa-d here to refer to those 
skills which involve primarily mental processes such as thinking 
and memory, and depend minimally on motor movement. \ 
Learning skills . These skills are ones that facilitate the 
acquisition, retention, recall, and transfer of information. 
Rather than reviewing the relevant research at this tine, a 
detailed discussion of learning skills will be presented in the 
section on skills to content transfer. 

Problem solving and creativity . Skinner (19^) has defined 
a problem as a question for which there is at the moment no 
answer. This simple definition can be elaborated by categor- 
izing problems into two major types: closed system problems 
and open system problems. Bartlett (1958) has suggested that 
closed system problems are formed in such a way that all the 

o 

elements for solution are available, and what the problem 
solver has to do is fill in the appropriate element. In essence, 
closed system problems are characterized by the existence of 
an identifiable solution; further, progress towards this solu- 
tion is usually also identifiable. Examples of closed system 
problems would include: anagrams, chess, logic and math problem! 
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concept formation, equipment repair (trouble shooting), navi- ' 
gational problems, etc. 

In open-system problems, the problem solver must go beyond 
the units immediately given in order to "close the gap." 
Neither the solutions nor progress toward solutions are easily 
identifiable with these types of problems, examples of open 
system problems, which are usually studi " under the rubric of 
"creativity** would include: determining unusual uses for common 
objects, creating cartoon captions and movie titles, inventing 
a new device or product, writing a term paper, etc. 

Most of the prior research with closed system problem 
solving has employed relatively artificial tasks (e.g., anagrams) 
and consequently the generality of most of the findings to real 
world problem solving is questionable. However, in the context 
of traditional concept formation studies in which a subject is 

\ a8)ced to discover an experimenter-defined concept such as "one 

\ 

\ red circle," Bruner, Goodnov*, and Austin (1956) have identified 
\^wo basic strategies that may have somA generality beyond this 
artificial task situation. The two strategics, scanning 
(partist strat agy) and fpcusing (wholisl strategy) , are used 
by subjects in both "selection" (subject determines the sequence 
of examples to be examined) and "reception" (experimenter deter- 
mine the \sequence) paradigms . In the scanning (partist) 
strategy thie^ subject selects a portion of a positive instance 
to entertain as his/her hypothesis and concentrates his/her 
effojrts on provi^ng this hypothesis correct. Because the sub- 
ject needs to scan and remember only the part of each instance 
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that is relevant to hii/her hypothesis, this approach is fre- 
quently employed by students. It does, however, have the dis- 
advantage that the subject concentrates only on part of what 
he/she sees and is not likely to learn much while he/sh^-is 
following a hypothesis that later proves to be wrong. 

In the focusing strategy (wholist) the subject selects a 
positive instance, retains all aspects of it, and attempts to 
determine which attributes are irrelevant by comparing his/her 
retained positive instances to other positive instances. The 
differences between these two strategies may be clearer in the 
context of o literature review task. One could go through the 
recent issues of a likely journal and scan each article briefly 
(partis t). Or one could, as soon as he/she came across a useful 
article, focus on it and then choose other articles in the light 
of the information obtained from this first positive instance 
(wholist). 

Bourne (1963) and others have found the focusing or 
wholistic strategy to be more efficient in concept formation 
studies, but it is not always the most frequently used. 
Attempts at teaching college students this strategy in order to 
improve their concept formation performance have been success- 
ful (Klausmeier & Meinke, 1968). Perhaps such training would 

also lead to better performance in more real world tasks such 

j 

as literature search and "trouble shooting." 

Polya (1957) has developed a series of techniques or 
strategies which are applicable to problem solving in general. 
These techniques, called "heuristics," are "rules of thumb" 
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I for decreasing the extent of an individual's search through his 
internal problem space. IVo of Polya'a heuristics, means-ends 
analysis and planning, have been incorporated into a computer 
simulated model of human problem solving. The General Problem 
Solver (GPS) , as it is called, appears tc emulate quite 
accurately human behavior on problems in logi (Newell, Simon, 
& Shaw, 1958). It has also been expanded by Ernst and Newell 
(1969) to solve a variety of other closed system problems. 

GPS using ii.eans-ends analysis, begins to solve a problem 
by dewecting a difference between the location of a desired 
goal state (that is, the ansi>;er) and the present location of 
the subject with respect to that goal. If there is no discrep- 
ancy, there is no problem. If, however, a discrepancy does 
exist, the exact nature of this discrepancy has to be determined 
and a suitable plan formulated to remove the discrepancy. If 
this plan cannot be formulated directly, GPS must first formulate 
some subgoal that can, in fact, be met. Thus, any problem is 
; rst analyzed to discover whether a discrepancy exists between 
"where an organism is now" and "where he/she would like to be." 
This analysis gives ri. e to a series of subgoals^, each one of 
which may require formu .ation into further/ less difficult 
subgoals. This hierarchy of subgoals is then attacked in order 
of difficulty-beginning with the most difficult and proceeding 
through to the least difficult. Once all subproblenis have been 
solved/ the solution of the original and major problem can take 

i 

i place. 

' In orvder to make this heuristic a };it more concrete ^ 
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considar the following example presented by Newell, Simony and 
Shaw (1^960) :' **! want to take iny eon to nursery school. What's 
the dif ^^erence between what I have and' what I want? One of 
distanced What changes distance? My automobile. My automobile 
wo^*t work. What's needed to make it work? A new battery, 

ft 

What has ney batteries? An auto tepair shop. I want the repair 
shop to put in a new battery; but the shop doesn't know I need 
one.^ What's ^he difficulty? One of communication. What allows 
communication? \ A telephone.!, .and so on." ^ 
In GPS an overall grAsp of the problem is provided by the 



"pljinning** heuristic which consists priirraH^^ of changing an 
o^riginally complex problem into simpler ones. TKl^SNsimpld^f i- 
cation is carried out by first abstracting the specif ic^foblem 
to more general terms, and then by simplifying the overaljl 
structure of the problem so that it pan be subjected to ti more 
direct means-ends analysis. Since the abstracting process 
serves to simplify the problem, this increases^ the likel,!ihood 
that any proposed means-end solution will be success ful Solu- 
tio;i steps generated at this level can then serve as plans or 

prototypes for steps to be taken with regard to the original, 

I 
i 

complex lormulation of the problem. • 
Except for a few efforts, in the concept formation domain, 
there have been virtually no systematic attempts at training 
generWl closed system problem solving techniques. Most problem 
sol ving\ training programs, some of which will be reviewed sub- 
sequently, have concentrated on training for creativity (open 
system problem solving). This situation should be remedied; 
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A good starting place for such programs would be to teach Polya's 
1^ strategies and measure subsequent changes in closed systeiii 
problem solving performance* 

Generally, researchers have considered four stages of 
creativity (open system problem solving) preparation, incuba- 
ticn, insight, and verification. The preparation stage is 
typically restricted to a subject's attempt at understanding 
the problem through recall of his/her previous experience with 
similar problems, etc., (that is, the translation of the 
problem into an internal problem space) . For our purposes this 
stage <*ill be expanded to include the conscious production of 
potential solutions through operating on the problem' space and 
preliminary Judgments of the adequacy of produced solutions. 
In many cases, the/i^^eps contained within this preparation stage, 

> 

v;hich are analogous to those involved v. r^losed system problem 
solving, are sufficient for production of an adequate solution. ^ 
However, for various reasons, solutions generated at preparation 
stage may not be su^icient, andi, in some cases-, the remainihg 
three steps may occur. , 

The incubation stage may consist of the uncoitS^ious pro- 
(Suction and judgment pf solutic^is. Subjective reports .of creative 
individuals (for example, (Shise in, 1952; Koestler, 1964) indi- . ' 
cate that this incubation period may be fadilitated by alterations 
in consciousness (sleep, reverie, drug-induced states, etc.). 

' li 

In fact. Green, Green, and Walters (Not'> 12) havie drawn a series 
of inferences to support the notion that alteration of conscious- 
ness by brain wave training (bio-feedback) may potentially enhance 

\ 
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creativity. They note that many creative people report effective 
incubation and subsequent insight in states where visual imagery 
is enhanced (in addition, responses to a visual imagery question- 
naire correlate .21 with responses to a creativity questionnair«» 
^'S.chmeidler, 1965). Further, Green, Green, and Walters have 
shown that subjects trained to produce theta brain waves report 
concomitant increases in visual imagery. They thus conclude 
that such brain wave training woul<3 enhance creativity via — - 
enhanced- visual. imagery, and have embarked on a research program 
to assess this hypothesis. Perhaps direct attempts at, training 
imagery ability, as well as other imagery enhancement technique*, . 
such as mediation training, could be usefully employed in this 
regard. 

At some point during the incubation period, the open systew 
problem solver may experience "insight" or "illumination.> An 
unconsciously produced solution has apparently passed som^ 
criterion of judged acceptability. Following insight, the 
problem solver will usually make ^some attempt to consciously 
verify or judge the newfound solution. Depending on the outcome 
^ of this verification, the probleir may be solved or the problem 
iolving process may be again initiated. 

Certainly th^ greatest effort toward strategy training has 
been leveled at this creative process. Two, studies are relevant 
to the training of students to prepare (problem translation 
primarily) for open system problem solving. Hyman (19,61) asked 
engineers to study attempts already made to design a (system for 
recognizing boxes in an automatic warehouse. One gfoup\studied 

/ \. 
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thtte prtvioul atttmpti critically, in order to make up a list 
p of fault*; another group studied them constructively, in order 
to make a list of useful features. Later, when all subjects 
were asked to propose their own solutions to this problem, 
, those who had studied constructively produced better solutions. 

1 

I A parallel study by Torrance (1964) reached similar con- 

clusions. He asked psychology students to read two articles in 
psychological journals, either critically or imaginatively, 
before the middle of the term. Then they had to develop an 
original idea, theory, or hypothesis and turn it in on the last 
day of the term. Again, the products of those who had read 
imaginatively received superior ratings for originality. Al- 
though these studies have some obvious flaws, they do contain 
potentially suggestive implications for education, and probably 
deserve careful replication and extension. 

A number of attempts have been made to improve the quantity 
and quality of solutions produced in response to an open-ended 
problem, ^tost courses in brainstorming (for example, Osbornj 
1953) attempt to increase quality and quantity by instructing 
participants to postpone cri^cism. Generally, it is assumed 
that criticism and harsh evalu^on wil . interfere with flexible 
idea production. Laboratory studi^ diiect'^d toward this issue 
have usually led to the conclusion tha^t relaxed conditions and 
instructions not to evaluate produce more\ideas and ideas that 
have a higher mean quality rating as judged by^ "experts" than 
those produced under more restrictive and evaluative conditions 
(Johnson, Parrott, & Stratton, 1968; Meadow, Fames, & Reese, 
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1959; Dentler & Mackler, 1964; Gerlach, Schultz, Baker, 4 Mazer, 
1964). However, at least some researchers have concluded that 

S' 

instructions to "produce more ideas and withhold judgment" lead, 
to a greater number of ideas, but an overall mean decrease in 
quality (Weisskopf-Joelson & Eliseo, 1961). It is probably the 
case that these different results are due to differences between 
the subject populations. 

Researchers attempting to evaluate the effect associated 
with the training of specific idea-producing techniques have 
focused on Allen's (1962) morpholoc veal synthesis approach. 
This technique requires analysis of the dimensions of the problem 
followed by a new synthesis. Ideas for improving one ftature of 
the product are listed along one axis of a two-dimensional 
diagram and ideas for another feature are listed on another axis 
so that novel combinations appear at the intersections. In com- 
parison to two other idea-generating techniques. Warren and Davis 
(1969) found increased productivity and more superior solutions 
with the morphological synthesis technique. Furthermore, this 
technique , has been included in a large-scale training program 
for adolescents with apparently favorable results (Davis, Houtman, 
V/arr«%n, 6 Roweton, 1969). 

Perhaps the most exteniive^ attempt to include production 
training in an educational sotting has been made by Crutchfield 
and his colleagues (Crutchfield, 1966; Covington, Crutchfield, 
Davies, & Olton, 1974). They have developed a programmed text 
for fifth and sixth graders which encourages the children to think 
about the complex materials presented and directs the reinforce- 
ment toward the production of 
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original and relevant ideas. In particular, the program is 
designed to instruct the student in the formulation of the prob- 
lem, the asking of relevant questions, the laying out of a plan 
of attack, the generation of many ideas, the search for uncommon 
ideas, the transformation of the problem in new ways, the 
evaluation of hypotheses, and the openness to metaphorical and 
analogical hints leading to solutions. 

A number of evaluation, studies using open-ended problems 

(Crutchfield, 1966; Olton i Crutchfield, 1969) hav^ found that 

i 

students trained on the above method ask more questions, 
generate more ideas, and get higher ratings for creative quality 
than a matched control group. However, in a recent! review of 
the literature, Mansfield, Busse, and Krepelka (197lB) conclude 
that although some of the studies with this program \provide 
evidence for its effectiveness, results obtained with tests 
dissimilar to the training materials (far transfer) have been 
inconsistent, so that it is unclear whether the effects are 
sufficiently generalizable to be useful in real-life situations. 
Mansfield et al. (1978), also reviewed a number of other 
creativity training programs and drew similar c nclusions. 

After a number of ideas have been produced, the open-ended 
problem solver must judge the solutions in order to provide a 
basis for selection., A f^ew studies have emphasized this judg- 
ment process. These studies have provided "criteria-cued" 
instructions which spelled out the criteria to be used in eval- 
uating the subject's productions and, in some cases, trained 
subjects on the use of these criteria. Generally, the 
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"criteria-cued" initructions result in reduced productivity 
compared to nonevaluative instructions , but also produced a 
higher average quality and a higher percentage of superior 
solutions (for example, Johnson, Parrot, & Strattbn, 1968; 
Weisskopf-Joelson, & Eliseo, 1961; Gerlach, Schultz, Baker, & 
Mazer, 1964). 

Stratton and Brown (1972) trained subjects on both mor- 
phological synthesis (production) and judgment cijiteria. Using 
responses to a request for titles based on a variety of movie 
plots, they found that the combined training produced solutions 
of higher mean quality than those with only prc^duction training 
and a larger number of solutions than those wi^ only judgment 
training. This combined training approach offers some promise 
and should undergo further exploration. / 

Although the prognosis for far transfer/ of general problem 
solving and creativity skills does not appeair to be very 
promising, it is possible that, if training on these skills were 
embedded in a particular technical area, transfer would be 
facilitated. 
Motor Skills 

The positive transfer of simple motor skills, such as 
those involved in the pursuit rotor tracking task, has been 
demonstrated in a number of studies (e.g.. Holding, 1966). 
With respect to more complex motor skills « Duncan (1960), 
using a motor task analogous to verbal paired-associate learning 
(visual sti .li and motor responses were paired), showed that 
practice with one set of stimuli and responses would facilitate 
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tranifer to other limilar sets of stimuli and responses. This 
was particularly true when the original training was conducted 
over a variety of training tasks. These results are supported 
by another study (Russell, Note 13) which demonstrated that per- 
formance of a pencil-target task was also facilitated if sub- 
jects had previous experience with a variety of similar tasks. 

Of particular interest are those few studies which indicate 
that transfer occurs for motor tasks that are both complex and 
have ecological validity. Pilot simulator research 
yalverde, 1973) , for example, has indicated that effective 
transfer occurs between mock-ups of both low and high similarity 

(far and near transfer) with actual flight. Singer (1977) in / 

/ 

his review article has also reported studies by Prather (e.g.,| 

i 

Berry, Prather, & Jones, 1971) which indicate that complex 
perceptual motor skills, such as range estimation used by 
airline pilots are transferable. Instructional variables that 
facilitate this and other types of skills to skills transfer 
will be discussed in the next subsection, 
.' nstructional Variables 

In this section instructional variables that potent -ally 
have impact on all types of skills to skills transfer wir be 
discussed. 

Discovery vs. guided instruction . Whether discovery 
learning (trial and error) or guided (prompted) learning leads 
to better transfer of skills has been an area of debate in 
instructional psychology for some time. Singer (1978) has' 
reviewed motor skills research and has concluded that the method 

i 
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Of instruction given should be dependent on the type of transfer 
t^ask and the amount of training time available. 

A series of studies ^conducted by Prather (e.g., Berry, 
Prather, & Jones, 1971) cpmpared trial and error learning to 
error-free learning in th^ training of complex perceptual-motor 
skills. In general, Prather has found that while prompted 
learning led to faster acquisition of skilfe, trial and error 
learning produced greater pc^sttraining transfer. Also, Singer 
and Gaines (1975) have reported better transfer for a discovery 
method of instruction when a \learning to criterion method is 
used. In addition, Egan and Greeno (1973) have found that 
discovery learning, as opposed to rote learning, leads to 
broader transfer in mathematics. Far transfer of problem 
solving strategies appears to be facilitated by a discovery 
method of instruction (Guthrie, i 1967) . Finally, Singer and 
Pease (1976), using three groups, (discovery vs. prompted vs. 
discovery/prompted), found no difference in the amount of 
transfer between discovery and discovery/prompted learning, but 
did find that both of these instructional methods led to better 
transfer than prompted (guided) learning alone. 

Contradictory studies in this area have been reported, 
however. For example, Macrae and Holding (1966) have suggested, 
that prompted! learning facilitates transfer on a complicated 
perceptual-motor task, and that triaJ^ and error learning leads 
to better transfer on simpler tasks. \a later study by Singer 
and Pease (1976), on the other hand, fpund no interaction 
between task complexity and instruct ioi^al method. 
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However # studies reporting positive effects of discovery 
learning transfer should be viewed with caution^ since many 
tines the tests used for measuring transfer are often similar 
to or the same as the discovery method training (Singer, 1977). 
Further, Singer and Pease (1976) have reported that when groups 
receiving discovery training are tested with a prompted learning 
taslc, they demonstrate less transfer than do groups who received 
prompted training. Many of these studies may, therefore, only 
be testing the efficacy of transfer across similar situations, 
and not the effectiveness of various modes of instruction. 

Meaninqf ulness of instruction . Mayer (1975) , in a series 
of experiments, has investigated the meaningf ulness of instruc- 
tion and its effects on transfer. The' terr. meaningful is used 
here to refer to instruction which attempts to relate new infor- 
mation to the learner's previous experience and knowledge, 
one set of experiments (e.g., Mayer, 1974^ Mayer & Greeno, 1972) 
students were taught the concept and application of binomial 
probability. Typically, these experiments used two groups. One 
group would be given meaningful instruction which emphasized 
relating previous experience to the learning of the binomial 
probability formula, while a second group v/as given instructions 
which consisted only of a formal statement of the rules for 
calculating binomial probabilities. Results from two experiments 
(Mayer, 1974; Mayer ft Greeno, 1972) revealed that near transfer 
was facilitated by "rule" instructions, and that far transfer 
was facilitated by meaningful instruction. These findings are 
supported by Mayer, Stiehl & Greeno (1975) who found that students 
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who received pretraining in the general concepts of probability 
and combinations demonstrated better far transfer c r applicatiof\> 
of the binomial formula than students who did not receive pre- 
training. 

It can be^concluded from these studies that the transfer of 
skills is influenced by the degree to which they are integrated 
with a learner's prior knowledge. Related studies by VJittrock 
and Cook (1975), among others, support the general contention 
that transfer is facilitated when newly learned skills are 
spcifically related to a person's previous experience. 

Instructions to integrate . Gagne's model (Gagne t White, 
1978) of memory structures (Figure 2) leads to the prediction tlW^ 
skills learning which involves two or more memory structures 
(intellectual skills and propositions for example) would lead Ui 
both better retention and transfer of the acquired skills. In 
this regard, early studies on problem solving (e.g., Katona, 19^) 
Kaier, 1930) generally support the contention that verbal ^tate- 
ments of problem solving rules facilitated their retention and 
transfer. In addition, the previously mentioned studies by Mayer 
also support Gagne 's view, since training subjects by a meaningiW 
instructional method often involved the stating of rules (i.e., 
propositions) . 

Instructional methods involving images and episodes in 
learning and transfer of skills have also been the subject of 
investigation (Gagne i White, 1978). Those studies emphasizing 
the use of imagery generally show positive results. Research 
by Zimmerman and Rosenthal (e.g., Zimmerman 6 Rosenthal, 1974; 
Rosenthal, Moore, Dor f man, Nelson, 1971) suggest that activa- 
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tion of both vtrbal and visual iJtawory structures leads to better 
transfer than the use of either ineinory structure alone. 

Studies involving more manipulative tasks (episodes), however, 
are more equivocal with only about half of the studies supporting 
an integration point of view. Studies by Bruner (1966) , Sonstroen^ 
(1966), Dawson and Ruddell (1955), and Bledsoe, Purser, and Frantz 
(1974) have obtained positive results for the use of episodes 
(manipulative experiences) in learning, retnetion, and transfer. 
These studies, however, are counter-balanced by other research 
'which has either reported neutral or contradictory results (e.g., 
rennema, 1972; Passy, 1963; Trueblood, 1970). 
Educati onal Implications of the 

— \^ 
Slcills to Skills Transfer Research \ 

By way of summarizing, the following instructional implications 
have been gleaned from the research on skills to skills transfer: , 

1. open and closed system problem solving training courses 
should be developed and administered in close conjunction with 

a specific technical jor academic domain. Since general training 
on problem solving skills has not proven sudcessful ir the past, 
the developers of problem solving courses should tailor the\ 
training to those skills required in a particular academic or^ 

technical area. 

2. Discovery and meaningful learning should be emphasized \ 
in the classroom when broad generalization of skills is desired^^ 
Guided learning approaches can be employed when near transfer \ 

is the major goal. 

3. In teaching skills, teachers should encourage the 
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Student uie of various memory structures, such as imagery and. 
verbal propositions, to increase the retention and transfer of 
skills i ' This type of manipulation should improve the integration 
of the learner's cognitive structure which should in turn impr*irC 
subsequent transfer (see Figure*; 1 and 2). 
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SECTION IV: CONTENT TO SKILLS TRANSFER 
This type of transfer occurs when an individual's prior 
knowledge influences the acquisition of a new skill. While 
content to skills transfer is probably involved in all skill 
learning situations, it has been the subject of a surprisingly 
small amount of research. In the area of perceptual-motor 
learning, at least, it has been argued by Marteniuk (1976) that 
the first step (e.g., the cognitive phase of motor learning) 
in executing a motor skill is to establish a plan or goal for 
performance and then collect pertinent information for achieving 
that goal. In other words, the most effective way to acquire a 
new skill is to possess relevant knowledge that will transfer 
to the learning of the new skill. This general theme is echoed 
by Fitts (Fitts & Posner, 1967) who states that it is during the 
cognitive phase of skill acquisition that the learner must form 
an idea or schema of the entire skill to be performed. Adams 
(1971) also promotes a similar view, suggesting that the early 
stages of motor learning are highly dependent on the verbal 
skills of the learner. 

While these ideas have an obvious intuitive appeal for 
motor skills acquisition, it also seems reasonable that skill 
acquisition in a number of other areas would be facilitated if 
the learner could transfer appropriate content knowledge to the 
learning task. For example. Lave (1977) has demonstrated that 
one's general knowledge can affect problem solving skills. In 
this study, Liberian tailors varying in amount of tailoring 
experience and degree of education were a.sked to solve an arith- 
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metid problem which was presented In either a formal education 

or tailoring surface format. Transfer efficiency was signifi- 

cantly related to the content knowledge of the subjects. A 

relatively high degree of tailoring knowledge led to success 

across . tailoring problems , and more experience with formal 

^ucatlon W to transfer across school- formulated problems. 

. Several researchers have , attempted to manipulate a learner 's 

prerequisite knowledge relevant to acquiring a skill. Miyake 

£ Norman {1919), have demonstrated that a person's knov;ledge 

^ Bl>a*Jgpecif ic content area gjpjeatly affects his/her use of a 

comprehension strategy such as questioning. Matching students, 

• either trained or untrained, in operating a computer terminal 

with either easy- or hard-to^comprehend programming manuals, 

Norman- found that untrained programmers tended to use a 

questioning strategy more often when instructed with the ea^y 

manual. Cor. ersely, trained programmers tended to ask more/ 

qqestions when instructed with the hard manual. A general 

conclusion based, on this study is that, in order to generate 

questions, a student needs to ^iave* some minimal aipount of 
y 

knowledge relevant to a topic available to him/her at the time 
of learning. 

A number of studies by Mayer (1975; Mayer, Sticnli k 
Greeno, 1975) have indicated that in general, meaningful and 
interpretative applicatioi?s of problem solving skills are 
enhanced by instruction in content, knowledge relevant to the 
transfer task. Specifically, Mayer, Stiehl, and Greeno (1975) 
found that prcinstructional experience directly related to - 
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arithmetic problems and varied in Content (general knowledge 
and formula computation) facilitated skill learning under a 
meaningfv'l instruction condition. In another study, Mayer 
(1975) had nonprogrammers learn a computer programming language 
through the use of a diagram model of the computer expressed in 
familiar terms or wit^oui^' the use of a model. In, general, 
subjects in the model condition excelled on learnir.g and transfer 
problems requiring interpretation, while nonmodel subjects did 
better on near transfer tasks requiring only generation of 
programs similar to those given in the instructions. 

Along a similar line, Trollip (1979) used computer-assisted 
instruction (CAI) to train pilots in the skill of flying holding 
patterns. This training required the student to artificially 
3 "fly" a series of holding patterns at different levels of com- 
plexity. Students were given detailed pictorial and verbal 
feedback gJsout their performance. Consequently, the student 
should be acquiring both knowledge and experience relevant to 
performing the required task. Students trained under this 
condition, when compared with traditionally trained students, 
demonstrated better performance in an evaluation flight. This 
suggests that the CAI-trained students could use their prior 
knowledge gained from feedback on their performance to facili- 
tate their learning of actual flight skills. A final study in 
this area was conducted by Berg and Stone (1978). Testing 
whether modeling or verbal instructions were better for en- 
hancing problem solving skills, they found t)iat both methods 
of instruction and a combination of the two methods resulted 
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in superior performance on a problem solving task cpmpared to 
a control group. These results support the notion that the 
prior content knowledge that a person h^s which is relevant to 
performing ^ skill will lead to more effective learning and 
use of that skill. / 

To briefly summarize, it appearsf that the prior content 
knowledge of a leariier, if it is meaningful knowledge, functions 
similarly to Ausubel's (1963) advance organizer. That is, a 
person's prior/ knowledge serves a^' an "ideational sca!fold" for 
the incorporation of new skills i^hto the person's behavioral , 
repertoire, jt'urther, studies by/ Mayer and Greeno (Mayer, 
Stiehl, & Greeno, 1975; Mayer, 1975; Egan & Greeno, 1973) have 
given us soirle information on hojW different instructional methods 
interact with the prior knowledge of an individual in skill 
learning. Itn general, the bas^ic conclusion of these studies is 
that those instructional techfiiques which emphasize meaningful 
learning are more effective i^or those students who already 
possess knoJ^ledge about the ^skill to be learned (typically an 
arithmetic pWoblem) . On the other hand, those students who 
lack prior knowledge about a skill tend to do better under more 



rote learning \conditions. /This type of interaction is typically 
obtained whethe^r the learn|br's prior knowledge is acquired within 
the experimental manipulal^ion (preinstruction) , or is taken as a 
pre-experimental\ given. / 

The research\ reviewed in this section indicates that the 
following suggestions for improving educational prActices should 
be considered: 



ERlC /. \ j "^P j 



i 



1. In teaching a neu akillf instructions should include 
content knowledge that is specific to the learning of that skill. 

2. An attempt should be made to present new skills in a 
meaningful context if broad transfer effects are desired, while 

a more rote or algorithmic approach should be used if near transfer 
is the goal of instruction. 

3. Knowledge relevant to acquiring a new skill should be 
presented without an excess of distracting stimuli. In other 
words, present a simple example of the skill and the context in 
v/hich it is used before attempting to instruct the learner in 
more complicated aspects of the skill. 

4. It should be a general practice to expose learners to 
varied types of knov;ledge about a skill to ii;icrease the effect- 
iveness of transfer. 
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SECTION V: SKILLS TO CONTENT TRANSFER ' 
This type of transfer involves the learning of skills that 
subsequently facilitate the acquisition, retention, retrieval, 
and transfer of knowledge. These types of skills or strategies 
are typically taught in separate study skills or learning strat- 
egies classes or workshops. In this section the prior research 
relevant to learning strategy instruction and training will be - 
briefly reviewed. First, research exploring specific, isolated 
strategies will be dijscussed, followed by a review pf studies 
of the effectiveness of larger strategy systems. The research 
in this general domain examines the types of content-independent 
knowledge discussed in conjunction with Figure 1 (see Section I: 
Introduction) . 
Manipulation of Specific 
Learning-Related Strategies 

Most of the prior research on learning strategies has 
focused on assessing the effects on performance that result 
from isolated manipulations of component strategies. These 
studies have dealt with four -^x? marv strategy areas: identi- 
fication, comprehension, retentioi. . and retrieval; and one 
support strategy area: concentrat. Dn. A brief overview of 
prior attempts to study each of these components follows. 

Accurate identification of important, difficult, and 
unfamiliar material is necessary for appropriate allocation 
of students* time and energy. If such allocations are not 
accurate, then the resulting learning will be inefficient. 'In 
the past, the general approach to research in this ^ea has 
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{ b«tn to aanipulattt the identification and selection o£ stimulus 
I material by varying anticipated recall requirements (Butterf ield, * 
Belmont, L Peltzman, 1971; Cermak, 1972; Jacoby, 1973) or mone- 
tary payoff conditions (McConkie, Rayner, & Hayer, Xote 14; McConkie 
Rayner, k Wilson, 1973). These studies do show thkt students 
can be flexible in their processing of incoming information, 
but the manipulations are so task-specific that they appear to 
have little applicability to strategy enhancement: in general. 

In the area of comprehension and retention, most of the 
attempts at improving students' skills have been indirect and 
have entailed stimulating the students to change their comprehen- 
sion and retention activities with experimenter-generated pre, 
post, and interspersed questions (e.g. , Frase, 1968;. Mayer, 1975; 
Richards & DiVesta, 1974; Rothkopf & Bisbicos, 1967), pre- and 
postsupplementary organizing materials (e.g., Allen, 1970; 
Ausubcl 6 Youssef, 1966; Frase, 1969; Gay, 19>1; Scandura & Wells, 
1967; Bauman 6 Glass, Note 15), and varying payoff conditions 
(Mcconkie ft Meyer, 1974; McConkie ft Rayner, 1974; McConkie et al., 
1973). The findings of these studies generally indicate that 
the procedures had posit&.ve influences on the students' compre- 
hens .on and retention strategies (see Dansereau et al. , 1974, 
and the N^ection on content to content transfer for a more 
thorough discussion of these studies). However, since these 
approaches require experimenter or teacher manipulations, they 
are not directly transferable to less controlled situations. 

More direct manipulations of comprehension and retention 
strategies have been based on simply instructing (generally 
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Without training) the stuc^ent on a particular technique. Posi- 
tive effect;? on performance have resulted from instructions to 
form mental images (pictures) of verbal materials (Anderson, . 
^1970; Anderson t Hidde, 1971; Levine fc Divine-Hawkins, 197'U- 
Rasco, Tennyson, & Boutwell, 1975), instructions to state ti^e 
material in the student's own words (DelGiorno, Jenkins, & 
Bausell, 1974), and instructions to reorganize the incoming 
material (DiVesta, Schultz, & Dangel, 1973? Frase, 1973). These 
instructional manipulations, although somewhat effective as 
they were first tried, could probably be enhanced by actual 
training and by integration with training on other aspects of 
the learning process. 

There has been^ a dramatic upsurge of interest in mnemonic 
elaboration as a specific means for enhancing retention. « 
Generally, mnemonic techniques involve embellishing the incoming 
material by creatively interrelating the items to be .learned or 
by associating the items to a previously le^arned set of peg 
words or images (mental pictures) . The following are some exam- 
ples of mnemonic techniques: 

First letter — In o/der to remember the ordering of the 
12 cranial nerves (olfactcry, optic, oculomotor, trochlear, etc.) 
many of us have learned the phrase "On old Olympus* towering 
top a fat, agile German vaults and hops." The first letter pi 
each word is also the first letter of each of the major cranial 
nerves . 

Peg word — A person first learns a rhymed peg word list 

« 
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such «8 "one-bun, two-shoe^ three-tree," and then learns to 
associate imaginatively each of these words with the members 
of a list to be learned. For example, in learning the items 
on a grocery list (e.g., steaks and potatoes) the student might 
first image bun and steak together as a sandwich, then potato , 
and shoe as an Idaho potato in tennis shoes, etc. When asked 
to recall the second item on the list he/she locates the second 
pegword, shoe, and then recalls^the image of the potato in 
tennis shoes. 

Method of loci — A learner mentally places items in 

I ■ 

distinct locations along a yery fan\iliar route (e.g.', the route 
from the person's front door to the back bedroom). In order 
to recall the information, the student imagines traveling back 
through the route, picking up the items as they occur. 

Many studies using lists of unrelated words and word pairs 
have shown that brief instruc^tions on mnemonic techniques 
dramatically improve retention (Bower & Reitman, 1972; Danner 
& Taylor, 19 3: Groninger, 1971; Lo-ry, 1974; Nelson 6 Archer, 
1972; Santa, Ruskin, 6 Yio, 1973; Wanshura & Borkowski, 1974; 
Weinstein, .'975; Yuille fi Catchpole, 1974). Although these 
mnemonic tec miques have been successful with relatively arti- 
ficial materials (nonsense syllables ^nd unrelated words) , very 
little effort has been m.ade to apply these techniques to the 
more general problem of retaining connected discourse. (An 
important exception to this is the work of Weinstein, 1978). 

Although the previously discussed approaches to strategy 
manipulation improve a student's ability to recall information, 
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thay^ do so indirectly, by operating on the student's storage 
processes. More direct approaches are possible, involving 
retri eval plans for accessing stored materials that are not 
immediately available. These plans would n^t likely take the 
form of coherefit search strategies similar to those used in 
solving problems that have well-defihed solutions (e.g., chess 
problems often require the search f orii^an optimal next move) . 
The problem-solving strategies explored by Newell et al. (1958), 
provide a good starting place for the development of such 
techniques . 

Unfortunately, very little work has been done in training 
students to use search. strategies as aids to memory retrieval. 
The one exception is a study by Ritter, Kaprove, Fitch, and 
Flavell (1973), which attempted to improve children's recall 
performance by instructing them in what v.he researchers called 
"planful retrievals" (e.g., systematic search strategies). The 
results of this study indicated that the retrieval insli'^rctions 
helped, but the stimuli employed were so artif ici'-'l (unrelated 
word pairs) that it is difficult to generalize the results to 
more meaningful tasks. 

The last cdrponent to be considered in this section is 
concentration . Generally, attempV.s to improve concentration 
have been oriented toward teaching students to talk to them- 
selves in a constructive, positive fashion as a means of coping 
with distractions and anxiety (Meichenbaum & Goodman, 1971; 
Meichenbaum i Turk, Note X6}Patterson h Mischel, 1975) or they 
have been oriented directly toward manipulating the student's 
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attention through behavior modification techniques (Alabiso, 
1975)* Both of these approaches have successfully increased ' 
the quantity, of task-related behavior, but, unfortunately, they 
have not been coupled with strategies designed to increase the 
quality of such behavior (e.g., students may be trained to 
spend more time looking at a textbook, but additional training 
is probably needed to increase the quality and intensity of 
what they are doing while reading) . Clearly this combination 
should be the ultimate target for a program designed to enhance 
learning skills. 

In summary, the studies that have been reviewed to this 
point have suffered from at least two problems. First, the 
materials and tasks used to examine the manipulations have 
generally been highly artificial (e.g., serial and paired- 
associate lists of unrelated information) . This artificiality 

limits the generality of these findings to educationally rele- 
ts, 

vant situations. Second, specific components have been studied 
in isolatipn (i.e., they have not been integrated with training 
on other components of the learning process). This lack of 
integration is extreme .y troublesome in light of the obvious 
interrelationships betv ien some of the components (e.g., 
enhancing comprehension-retention s)eills will clearly have an 
impact on retrieval, and vice versa) . These interrelationships 
should enable a well-conceived, integrated program to have an 
impact greater than the sum of its individual parts. In the 
next section some of the prior attempts that have been made at 
developing such integrated training will be briefly examined. 
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Evaluation, of strat».jv Svetems 

unfortunately, many of t^he' reported learning .trate'gies 
programs have nonempirica^l foundations, provide relatively 
superficial strategy training (usually only a subset of the 
essential learning concepts) . are evaluated against nonspecific 
criteria (such as grade point average), and. consequently, lack 
specific evidence on which to base modification.,. 

The majority of these learning skills programs are based 
on the SQ3R apJ,roach proposed by Robinson (1946) . or some slight 
.modification of this approach. The five steps in the SQ3R 
technique require students first to surva, the text chapter by 
reading headings, boldface type. etc. On the basis of the survey 
students are encouraged to develop questions . Then they read 
the material with an eye toward answering these questions. After 
reading, students are encouraged to close the book and recall 
what has been read. Finally, they open the booJc and review 
the material. Generally. SQ3R training is nonspecific, very 
little detailed information is provided on how to carry out the 
operations. It is assumed that the individual student is able 
to arri-e at these more specific procedures without guidance, 
m light of the results with a learning strategy inventory 
(Dansereau et al.. 1975a). this assumption is probably unwarranted: 
students appear to have little )cnowledge of alternative learning 
procedures, especially at a detailed level. 

In any case, a number of programs of this type have been 
developed and shown to lead to improvement on measures of grade 
point average (Briggs. Tosi. * Morley, 1971, Whitehill. 1972) 

/ 
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and on ttlf-report study-habit surveys (Bodden, Osterhouse, & 
Gelso, ljr72> Brown, Webe, Zunker, & Haslam, 1971; Haslam & 
Brown, 1968; Van Zoost & Jackson, 1974). Although these programs 
probably benefit the student in a general way, the locus of the 
effects has not been determined. In addition to general measures 
of academic success, specific evaluations of learning performance 
should be made. Furthermore, these evaluations should be related 
to specific components of the programs to provide a basis for 
modification. However, even if the previously cited programs 
are successful, they could probably be improved by incorporating 
some of the more detailed strategies discussed in the previous 
section and by adding other strategies derived from the basic 
cognitive research literature on memory, comprehension, problem- 
solving, etc. The learning^ strategy training program to be 
discussed next was designed to overcome some of these criticisms. 

A detailed description of the learning strategy training 
program developed at Texas Christian University is beyond the 
scope of this paper; the various portions of the system have 
been presented in a number of other technical reports and publi- 
cations (Collins, Dansereau, Gar''and, Holley, & McDonald, .♦1981; 
Dansereau, 1978; Dansereau, Actki ison. Long, & McDonald, 1974;' 
Dansereau, Collins, McDonald, Gariand, Holley, Evans, fc Diekhoff, 
1978; Dansereau, Collins, McDonald, Holley, Garland, Diekhoff, 
& Evans, 1979a; Dansereau, Long, McDonald, & Actkinson, 1975a; 
Dansereau, Long, McDonald, Actkinson, Ellis, Collins, Williams, 
t Evans, 1975b; Dansereau, Long, McDonald, Actkinson, Collins, 
Evans, Ellis-, 6 Williams^, 1975c; Dansereau, Long, McDonald, 
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Actkin.on, Collins, Evans, Ellis, , Williams, 1975d; Dansereau, 
Long, McDonald, Actkinson, Collins, Evans, Ellis, , Williams, 
1975e; Dansei^u^ McDonald, Collins, Garland, Holley, Diekhoff, 
* Evans, 1979b; Holley, ,Dansereau, McDonald, Garland, i Collins 
1979), and the reader is referred to these documents for further 
information, m the remainder of this subsection a brief overvid^ 
of this program will be presented. 

The general approach to the development of this strategy 
system has been strongly influenced by the fact that effective 
interaction with technical material requires ' that the student 
actively engage in a complex system of interrelated activities. 
To assist the student in this endeavor, a set of mutually 
supportive strategies has been created. This set can be divided 
into "primary" strategies which are used to operate on the material 
directly and "support" strategies which are used to help the 
learner to maintain a suitable cognitive climate. The primary 
set includes strategies for acquiring and storing the information 
and strategies for subsequently outputting and using the stored 
information. Networking forms the basis for these primary 
strategies. During acquisition the student ideiitifies important 
concepts or ideas in the material and represents their inter- 
relationships in the form of a network map. To assist the 
student in this endeavor s/he is taught a set of named links 
that can be used to code the relationships between ideas. The 
networking processes emphasize the identification and represen- 
tation of (a) hierarchies (type/part) , (b) chains (lines of 
reasoning/temporal orderings/causal sequences), and (c) clusters 
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(characteristics/def inition.Vanalogies) . Figure 4 is a 
schematic representation of these three types of structures and 
their associated links and Figure 5 is an example of a su^jr.ary 
map of a nursing textbook chapter. Application of this technique 
results in the production of structured two-dimensional maps. 
These cognitive networks provide the student with a spatial 
organization of the information contained in the original training 
materials. While constructing the map, the student is encouraged 
to paraphrase and/or draw pictorial representations of the 
important ideas and concepts for inclusion in the network. 

When faced with a. test or a task in which the learned in- 
formation is to be used, the student is trained to use the named 
links as retrieval cues and the networking process as a method 
for organizing the material prior to responding. Assessnents 
of networking (HoUey et al., 1979; Dansereau et al., 1979b) 
have shown that students using this strategy perform significantly 
better on text processing tasks than do students using their own 
irethods . 

A second major aspect of the pri>«ary stratefies is the use 
of knowledge schemata for crganizing an^ retrieving information. 
These schemata specify the set of catego-ies of information a . 
well-informed learner should know about . particular topic. A. 
an example, the following categories of information about a 
scientific theory were gleaned from questionnaires administered 
to students at a variety of educational levels: 

1. Description -- A short summary of the theory. 

2. inve ntor/History - A brief account of the theory's history 
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3. Consequences — A sumnwir^ of hov; the theory has influ- 
enced man. ) . ^ 

' 4. Evidence — A sununary of facts which support or refute 
the theory. 

5. Other Theories A summary of theories dealing with , 
the same phenomena. 

6« X-tra Information 7^ open category which includes artj 
information not in one of the other 5 categqries. 

In an independent evaluation of the effects of knowledge 
schema .training, Brooks and Dansereau (Note' 3) found that this 
type of training significantly improved performance on a delay^ 
essay test over a 2,500-word passage on the th^c^ry of plate 
tectonics. • ' ' 

The major component of the support strategies is concentra- 
tion management. This component, which is designed to help the 
student set and maintain constructive moods for studying and , 
task performance, consists of a combination of elements from 
systematic desensitization (Jacobsen, 1938; Wolpe, 1969), 
rational behavior ^ therapy (Ellis, 19'63,^ Maultsby, 1971), and 
therapies based oh positive self -talk (Meichenbaum & Ggodman, 
1971; Meichenbaum.* Turk, Note 16).. The students are first ^iver\ 
experiences and strategies desigrxed to assist, the?^. in becoming 
aware of the negative and positive emotions, self-t^lkr and 

images they generate in facing a learning .task. .They are then 

■ ' ■ ■ • ■ - 
instructed to evaluate the constrnctiveness of their internal ' 

dialogue and are given heuristics for n^aking' appropriate modi- 

■ ♦ * 

fications. 
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in prepMlng for studyln, or testing sessions students 
report that they usually spend little or no conscious effort 
establishing constructive moods. To remedy this situation 
the student is trained on a technique that forms the basis of 
systematic ^esensitization: imagination of the targe, situation 
during relaxation. More specifically, the students are 
instructed to spend 2 to 3 minutes relaxing and then imagining 
thai felons as they proceed through a productive study or 
test WU"- help them maintain the resulting mood they 

periencefe and techniques to assist them in deter- 
mining ^how, and vhy they get distract^, the duration of 
their dUl^ion periods, and their typical reactions to dis- 
traction. They are then trained to cope with distractions by, 
using relaxation and positive self-talK and imagery to reestablish 
an appropriate learning state. 

This particular combination of concentration management 
strategies has' been shown to lead to significantly better per- 
formance on text processing tasks in comparison to students 
using their own methods (Collins et al. , 1981). These strat- 
egies have been supplemented by training on goal -setti.,. sched- 
uling, and monitoring (see Dansereau et al. . 197n , tc .rm 
the support Strategy component of the program. 

overall evaluations of this program (e.g.. Dansereau et ai. . 
1979a and b) have shown that it facilitates the learning of 
scientific text and, consequently, should facilitate the transfer 
of acquired knowledge from one situation to another. 
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Educational Implicatilon^ 

Many teaching and testing methods implicitly encourage 
rote memorization by specifying eSxactly what must be learned, 
rewarding verbatim answers \on tests, and putting little emphasis- 
on the development of j relationships between incoming and stored 
information. Rote memorizatx^on usually involves multiple 
readings of the material with\little or no effort devoted to 
assimilating the inf ojrmation. \Therefore, the material learned 
through this method i^sually is i^ot meaningfully related to other 
stored information, yhich limits\ the facility with which such 
information can be retrieved and used at a later date. Such a 
strategy, although perhaps useful \in our present educational 
environments , is very maladaptive |n many job situations , where 

understanding is far more important than mere storage. Although, 

■' ■ .1 ' " 

the limitations of rote memorization have been emphasized, the 

same arguments probably apply to a large number of other 

strategies developed by students to (cope with a teaching-oriented 

education. 

By not stressing learning strategies, educators, in essence, 
discourage students from developing 2i|nd exploring new strategies | 
and, inl so doing, limit students' awaireness of their cognitive 
capabilities. For example, the resuljbs of the administration 
of an extensive learning strategy invj^ntory (Dansereau, Long, 
McDonald, & Actkinson, 1975a) indicate that even good college 
students have very little knowledge ox alternative learning 
techniques. This lack of awareness oljviously limits an indi- 
vidual's ability in a situation reguix*|ing new learning strat- 
egies. In addition, if the strategies that individuals have 
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spontaneously adopted do not match their cognitive capabilities, 
the emotional toll may be very large. Vost of us know individuals 
who spend inordinate amounts of time memorizing college or high 
school materials and are still barely ''getting by." Such an 
individual's personal, intellectual, and. social development 
must certainly suffer, from the pressures creiated by this use 
of a relatively inefficient learning strategy. 

The answer to this situation is clear: Educators should 
be redirecting at least some of their efforts to the development 
and •training of appropriate learning stratec^y skills. It is 
suggested that S'-ch training include an emphasis on both primary 
and support strategies. In particular, the strategies should 
be focused on cheating integrated knowledge str^iotures that 
would facilitate subsequent transfer (see the Introduction 5or 
a discussion of Gagne & White's 1978 formulations of integrated 
knowledge structures). The netv»orking and knowledge .schema 
strategies discussed earlier should provide good bases for the 
creation of integrated knowledge structures. 
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SECTION Vis EDUCATIONAL IMPLICATIONS OF 
TRANSFER-RELATED RESEARCH 

Intro d uction 

In thiSi section teaching and learning principles that 
appear to have potential for facilitating transfer from one 
situation to another will beti discussed. Only rarely will an 
attempt be 'made to distinguish between the effects of these 

principles on the normally hearing and the hearing impaired.. 

In most cases the implementation procedures and the expected 
outcomes would be the same for both populations. However, to 
provide a focus the discussion will be related to instructional 
practices that are similar to those applicable at the National . 
Institute for the^peaf in Rochester, New York. 

In the main introduction to this paper the importance of 
examining the role of the learner/performer in the transfer 
situation was emphasized (see Figure 1). Irt particular, it was 
suggested that instructional practices should be designed, to 
assist the individual in developing and using integrative 
memory structures (Interrelated propositions, images, episodes, 
and skills) . The remainder of the paper has examined research 
on principles that have potential for facilitating this process 
in four types of transfer situations: content to content, 
skills to skills, content to skills, skills to content. Content 
to content transfer would predominate in transfer between and 
within content courses; skills to skills transfer would occur 
between r.nd within skills-oriented technical courses, as well as 
between skills courses and a job situation; content to skills 
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transfer would predominate between content and skills courses; 
and skills to content transfer would occur between supplementary 
learning problem solving courses and content courses. Although 
the instructional principles relevant to these .four transfer 
areas vary to some extent, their commonalities far outweigh 
their differences. Further, in most real-worid instructional 
systems, there is a greater blending of skills and content 
within courses then is portray «£d by the simple classification 
that has been used to subdivide transfer-related research. 
Consequently, in this section this classification scheme will 
be abandoned in order to provide a different perspective on 
how these principles might be applied. For additional informa- 
tion, the reader is referred back to the Summaries at the end ^ 
of - each of the previous -f Qur__:sectipns. _ 

Implications of the transfer-related research for teaching 
methods, development of instructional materials and use 9f 
supplementary courses in learning and problem solving will be 
described in the following subsections. 
Development of Instructional Materials 

One of the major findings emerging from this review is the 
apparent importance of supplementary materials (e.g., advance 
oroanizers, adjunct questions) in facilitating retention and 
transfer. It is suggested that these materials act as bridges 
between .the student's knowledge structures and learning/perform 
ance situations. The results of research with these types of 
materials are sufficient to warrant their extensive use in 
educational settings. Adjunct post questions and advance organ 
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i2ers should be developed to bridge the "gaps" between units of 
instruction and between courses. One extension of this api-roach 
j?^ ^^PJP'^g"*-^^ t s tudent s and provide^dif f erent supplementary 
material depending on their existing knowledge. The development 
of these types of materials will require someone who is knowledge 
able about broad sections of the curriculum as well as the 
knowledge bases of the participating students. 

It would seem likely that procedures for evaluating students 
could be easily incorporated within a "bridging" system. This 
v/ould require the development of tests that included transfer- 
oriented questions (i.e., high- level adjunct questions, see 
Table 1). These types of questions would not only be useful in 
evaluating students' current states of transferable knowledge, 

but would also sepe -to"positively direct the students* r " 

learning processes. 

In addition to developing a supplewientary "bridging" 
system, some of the research suggests chat courses and series of 
courses should be sequenced from general concepts and principles 
to specific details and examples. This approach, which has 
been advocated by Norman (1973) and Thorndyke (1977)', presumes 
an expository mode of teaching. However, under- some renditions 
it may be more effective to encourage discovery learning, which 
tends to imply a specific to general sequence of instruction. 
This issue will be discussed further in the next subsection. 

As a final point, the research suggests that there should 
be considerable benefits associated with concretizing and 
simplifying instructional materials. This implies a liberal 
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use of pictusrti and diagran* ar.d a redMcticr. in vccabularv level 
and syntax complexit^y. Attempts by the military (Sticht & 
Zapf, 1976) to accomplish these goals with their technical 
training materials should provide useful guidelines for more 



general implementations. However, it should be noted that 
re-writing text is not a substitute for teaching students 
effective strategies. Rather, both approaches should be 
undertaken in concert. 
Teaching Methods 

fis stated earlier the evide*iCe from the research on different 
teaching methods would suggest that an omnibus approach to in- 
struction is ill-advised. Rather, instructional method should 
be tailored to fit the desired learning outcomes and the indi- 
vidual aptitudes, styles, and preferences of the learners. For 

example, discovery--(trtal--and-exror-^-ieTOiiiig-m 

most useful in establishing a basis for "far" transfer with 
field independent learners, while expository (guided) teaching 
methods would be more effective in pj-omoting "near" transfer 
vjith field dependent students. Since it has been found that 
hearing impaired students tend to be more field dependent than / 
hearing students (taras is A Long, 1979), it would seem reasonable 
to emphasize expository teaching methods and to attempt to 
increase the similarity ("nearness") between the training and 
transfer tas)cs in technical programs for thn; hearing impaired. 
Where further transfer is required, a combination of discovery 
and expository methods may be useful, singer and Pease (1976) 
found that this type of combination approach was equal to a pure 
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discovery learning condition in its effects on retention and 
transfer performance. These authors conclude that at least a 
partial discovery instructional methodology should" be used in a 
learning situation which does not allow for the total use of 
discovery methods (trial and error) . 

Regardless of the type of teaching method employed, the 
review of the literature by Gagne and White (1978) indicates 
that, wherever possible, concepts and principles should be 
presented redundantly in the form of propositions, images, 

episodes , --and--s)d,lls Further, attempts should be made by 

the teacher to illustrate the interrelationship between these 
bodies of information. 

Supplementary Courses in Learning and Problem Solving 
— -— It -i s—c-l e ar t ^aat- many-^udent s— ean-bene^i-t— f-r<>m"S k-i-1 1-^^ — 
strategy training courses. Consequently, these types of courses 
should be integrated within existing curricula. The training 
programs reviewed in previous sections of this paper should 
provide a good starting place for the development of courses 
designed to meet the needs of specific curricula. It is suggestf 
that, if possible, the s)cills and strategy programs should he 
run in parallel with regular content courses. In this way 
strategies can be reinforced by content course instructions , 
and content course information c n be used as the basis for 
practice materials within th<% si^.ills and strategy programs. 

General Conclusions 

The review of transfer related research has indicated 
that the retention a.'jd transfer of information can be enhance! 
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by manipulatino the instructional materials, employing effective 
teaching methods, and by instituting supplementary learning/ 
problem solving courses. It is suggested that a concerted 
effort be made to implement changes in all three of these areas 
in order to maximize the impact on educational outcomes. 
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TABLE I 



Type 



Faaual Questions 



ParaphrMd Questions 



General Questions 
Application Questions 



Meamnf ful Lcttrninf 
Questions or 
Inference Quutions 



Hifher-Order Questions, 
Analysis Questions, 
and Evaluation 
Questions 



Ail studies conrtpart higher order questioos to lome type of 
factual quesiici. Fa0uat Qt»estions typically ukcd the reader 
to supply Of recof nizc some item of information given in the 
paiaage. Faaual questions are typically primarily verbatim as 
defined by Aftderson (1972). Types of information requested 
have included names, numbers, dates, definitioos* terms, etc. 

Faraphrased questions are factual questions written with no 
substantive word overlap between tevi and question Ander* 
son and Biddle (1975). And re 4 Wpmack (I97l>, and A ndre 
~in~d^olaT1976): ~ ~ 

Ceneral questions are factual questions which refer to more than 
one test sentence. They are usually verbatim in nature Frase 
(1961). J _ 

Application questions require studenu to select a new eiample 
of a conapt of pnnciple employed in the text from amonf 
alternatives. Andre (Note 10). Dapra & Felker (Nme 7). 
Mitore (Note g). ShavelKMi ei al (1974). Wjtu 4 Anderson 
tl97l) 

TheK questions require a reader to siaie a relationship between 
etemenu of the pasuge that i« implied but not ciplicttly stated 
in the passage. Frue (1969a. b: 1970a, b; 1972). Frasc and 
Selbiger (1970), McKe nue (1972). Rickai ds (1976*, b). Rick- 
ards and Hatcher (Note 2). Rickarcs and^VMc~lT979jr 
Waiu(l974). 

Usually defined as being ahove the memory level of the Bloom 
ct al (1956) '^j'axooomy or at some specific level of the Tas- 
onomy and net further deftncd. Allen (1970). Hunktns (1969). 
HcConkie et al (1973). Shavelson et al (1974) 



Table *1 of Anc3re*s "Does Answering 
High-'level Questions While Readin^;' Facilitate Prociuctive Learnir 
Review of Educational Research # ISl^, 49 (2 ) ^ pp. 280-318. Copyr 
1979, ;^jnerican Educational Research Association, Washington, D. 
Reprinted by permission. 
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Figure CaptioiiS 

Figure 1. Transfer 

Figure 2. Diagram illustrating interrelations and 
ner.iory structures ej\d performance outcomes. 
Figure 3. Four types of transfer. 
Figure 4. Hierarchy, chain, and cluster structures. 
Figure 5. Summary map of a nursing textbook chapter. 
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Figure #2 from Gagne, R. M. Memory structures and 
learning outcomes. Review of Educational Research , 1978, 
48(2)/ 187-222. Reprinted Ey permission. 
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CONTENT TO CONTEMT 
(Gf.nepal Psych to Abnormal Psych) 

SKILLS TO SKILLS 
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(LEARMiNr. A20LIT Computers to Le|rnimc- to Pfnc-RAf^) 
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s (of)/ 
iple (of) Lin)^ 



The content in a lower node 
is part of the object, process, 
idea or concept contained in a 
higher node. 



^chooi) 



^private) 



The content in a lower node is 
a member or example of the class 
or category of processes, ideas, 
concepts, or objects contained 
in a higher node. • 



Key Words 

is a part of 
is a segment of 
is a portion of 



Key Words 

is a type of 
is in the category 
is an example of 
is a kind of 
Three procedures 
are 



s to Lin); 

practice) 

] 

1 1 

^ 

--rfectionj 



CHAIN jSTRUCTURES 



The object, process, idea, or 
concept in one node leads to 
or results in the object, pro- 
cess, idea, or concept in 
another node. 



Key Words 

leads to 
results in 
causes 

is a tool of 
produces 



jgy LinJc 

) — a_)l^actory) 



CLUSTER STRUCTURES 



The object, idea, process, or 
concept in one node is analogous 
to, similar to, corresponds to, 
or is like the object, idea, 
process, or concept in another 
node . 



. Key Words 

is similar to 
is analogous to 
is like 

corresponds to 



cteristic 

k 



•ilue] 




The object, idea, process, or 
concept in one node is a trait, 
aspect, quality, feature, attri- 
bute, detail, or characteristic 
of the object, idea, process, or 
concept in another node. 



Key Words 

has 

is characterized by 
feature is 
property is 
trait is 
aspect is 
attribute is 



nee Lin)c 



The object, idea, process, or 
concept in one node provides 
evidence, facts, data, support, 
proof, documentation, confirm- 
ation for the object, idea, pro- 
cess or concept in another node, 



Key Words 

indicates 

illustrated by 

demonstrated by 

supports 

documents 

is proof of 

confirms 
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Four 


types 




I 




* 


Accidental] 




Discussion 
of WoiinJs 



^intentional) 



no bref» 
in skin 



in/ 



only for 

therapeutic 

purposes 



— incision (sharp cutting • " iuiament) 
— abrasion (scraping or rubbing) 
— puncture/stab (nail, bullet) 
--laceration (blunt instrument) 




may occur m 
any combination 
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process of 
v/ound h'ial ing 



ibroplasi 
phase 



blood and 
serum form 
fibrin net- 
work (scTab) 

I 



I 

I 



1 



epi theli al 
colls grow 
in from 
edges 



I 

^scai) 




/^car tissu^ 
V is ^weak J 



!1 



/take steps toA 
\minimize scarsy 



contractio 
phase 



3 



granulation 
tissues (fibro- 
blasts and small 
blood vessels) 
grow along fibrin 
network and grad- 
ually aLsorb it 



T 



I 

I 

(tissue ^ 
continui t\i 





small blQod 
vessels dis- 
appear and 
scar shrinks 



Soft, pink, 
and 
friable 
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